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Third Report to the Royal Society Water Research 

Committee. 

By Percy F. Frankland. Ph.D., B.Sc, F.R.S., Professor of Chemistry 
in Mason College, Birmingham, and H. Marshall Ward, D.Sc., 
F.R.S., F.L.S., F.R.H.S., Professor of Botany, Royal Indian 
Engineering College, Cooper's HilL Presented to the Com- 
mittee October 4, 1894. 



Part I. 

"Further Experiments on the Action of Light on Bacillus 
anthracisy and on the Bacteria of the Thames." By H. 
Marshall Ward, D.Sc.,F.R.S.,F.L.S,, F.R.H.S., Professor 
of Botany, Coopers Hill. 

In a previous Report to the Committee, I have shown that the 
action of light on bacteria is not only very definite, and much more 
pronounced than had hitherto been supposed, but that it has an im- 
portance in its bearing on the question of the destruction of these 
organisms in the water of rivers, ponds, &c, vastly greater than had 
ever been suspected. 

In this Report I offer some of the results of long continuous in- 
vestigations into the details of this bactericidal action of light — both. 
solar and electric — and into the bacterial flora of the River Thames, 
as studied at a point where it flows below Cooper's Hill. 

The reader may be referred to the previous Reports* for details as 
to the methods of investigation employed, and as to the chief results 
obtained by exposing the spores of Bacillus anthracis to the direct 
action of undecomposed solar light ; he will also find further details 
in two papers presented to the Royal Society in 1892 and 1893f 
regarding this matter, and regarding preliminary investigations into 
the action of solar light which has been passed through various 
absorbent media. 

Special attention may be directed to pp. 23 — 34 of the ' Pro- 
ceedings,' vol. 53, and the following experimental results may in the 
first place be taken as supplementing those there published. 

# ' Proc. Roy. Soc.,' vols? 51 and 53. 

f * Proc. Boy. Soc./ vol. 52, pp. 393—400 ; and vol. 53, pp. 23 — 44. 
VOL. LVI. Z 
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Before proceeding to the results obtained by exposure behind 
coloured screens, I select the following series of further experiments, 
which confirm some of my previous statements, referred to above 
(Table A). 

It is worth remark that these exposures were made in February, at 
a time when the temperature was low, and the sunlight, though 
bright, of an intensity far below that obtainable in the summer. The 
methods of preparing the agar plates and films of dried spores, 
have already been described, that is to say, in experiments num- 
bered D (1), E (1), J (1), and D, a plate of sterile agar was 
exposed, in each case behind a stencil plate, and, after exposure, was 
laid flat on a film of dried unexposed spores of B. anthracis, whereas 
in the cases marked otherwise it was the film of spores which was 
thus exposed, and a sterile plate of unexposed agar then placed on 
the film. Incubation then decided whether the light had produced 
any effect, the results being given in the table. 

These results fully confirm those obtained previously, and show 
that the action of the light is direct on the spores, and not on the 
food material — in this case agar — in which the spores are suspended. 
That the slow development in the cases marked H (1) and I (1) was 
due to deficient aeration — possibly in part also to the fitful sunshine 
to which the plates were exposed — is borne out by the following 
experiments. Three stout glass tubes were selected, sterilised, and 
charged each with about 5 c.c. of bouillon, in which was distributed 
a small loop-full of the spores of B. anthracis. Each tube was about 
6 in. long, and, after charging, was plugged with sterilised cotton 
wool, the plug being pushed 2 in. into the tube. Each tube was then 
drawn out to a point, exhausted of air, and the end sealed in a flame. 
The vacuum tubes were kept thus sealed until the following day, 
when two of them were broken at the tips, in a flame, to let in air ; 
the other remained sealed. 

The sealed tube, and one of the now unsealed tubes, were then 
exposed all day to a bright sun, while the third (unsealed) tube was 
wrapped in tin-foil and black paper, and placed side by side with the 
others, thus protected from the light. After six or seven hours' expo- 
sure, the tip of the still sealed tube was also broken, and all three 
placed in the incubator at 22° C. 

In forty-eight hours the covered tube and the exposed sealed tube 
were equally and copiously turbid, with a vigorous growth of the 
bacillus ; the exposed unsealed tube showed the faintest traces only of 
this turbidity. 

The inference is obvious. Exposure to sunlight in vacuo results in 
no perceptible retardation or destruction of the bacillus, whereas if 
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exposed in contact with air nearly all the spores are killed in the 
time given. As will be shown later, the thickness of the glass of 
which the tubes were composed is no doubt an important factor, and 
probably all the spores in the exposed unsealed tube would have been 
killed had the glass been thinner, as they certainly could have been 
by a longer exposure.* 

§ n. 

The following series of experiments were carried out during Feb- 
ruary and March of this year (1893) to obtain some information as 
to the time of exposure necessary to kill the spores of Bacillus 
anthracis, for I found it desirable to make myself as well acquainted 
as possible with the pow r er of the solar rays in this respect, in order 
to utilise the experience in succeeding work. As the table shows, I 
also tried comparisons between the action of direct and that of 
reflected sunlight. As the experiments proceeded, it turned out that 
several difficulties have to be met in attempting to compare the action 
on two or more different plates exposed side by side. 

It seems impossible to ensure absolute similarity between any two 
plates, for the following reasons : — 

1. The difficulty of distributing the spores in equal quantities, and 
at equal distances apart in the agar. The best results were obtained 
by pouring the agar on all the plates from one large tube, in which 
the infected melted agar is thoroughly shaken ; but even then it was 
impossible to be sure that the agar film in each plate was of equal 
thickness. Of course practice and experience enable one to pour 
approximately the same quantity of the agar into each plate, but this 
does not entirely overcome the difficulty. 

2. Even very careful selection from a large number of the Petri's 
dishes does not secure that each dish used shall have a perfectly 
plane glass face (to be exposed), of equal thickness, and identical in 
its properties towards the light. Here, again, therefore, one had to 
be satisfied with as close approximations as possible. 

It was owing to these difficulties that I hit upon the device of 
employing one plate with several square or circular " windows " cut in 
its covering, at equal distances apart. After exposing all the 
" windows " for, say, half an hour, one was then covered; after a 
further exposure of half an hour, a second one was covered, and so 
forth (or, conversely, the windows uncovered in succession), as in 
the cases marked la to Id, and ha to 5<2, &c, on Table B. 

But another difficulty now made itself evident, namely, that as the 
intensity of the solar light may vary considerably from time to time 
not only owing to altitude, but also to differences in the atmosphere, 

# It may be pointed out that these results confirm those of Roux, * Ann. Past. 
Inst.,' 1887. 
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and to clouds passing, &c, &c, it seemed utterly hopeless to expect 
the accurately comparative results required. 

Taking all these drawbacks into consideration, the Table B never- 
theless shows some significant and instructive facts. 

The experiment denoted la, for instance, shows that, even in March, 
the solar action can be detected clearly after so short an exposure as 
half an hour to an hour, while exposures of 1^ to 2 hours resulted in 
sharp, clear figures. 

After a large number of these comparative trials, however, I con- 
cluded (1) that while it seems impossible to overcome all the diffi- 
culties, and to express the nature of the exposure in words, the 
general impression gathered was that on certain bright, sunny days 
in the spring — days when the sky is blue and cloudless, and the air 
peculiarly clear, the bactericidal power of the direct or reflected solar 
rays is very great — much greater than has been supposed. A very 
slight amount of haze makes a vast difference in the times of expo- 
sure (e.g., Oases A (1), and B (1), where a much better result was 
obtained in two hours in the one case than with three hours in the 
other) ; (2) that very long exposures are necessary if the sky is over- 
cast with clouds, even though the light is otherwise bright. In other 
words, the direct rays of the sun are needed for the purpose of rapid 
action ; (3) with solar light, direct from the sun, very little if any 
difference can be detected between exposures where the rays fall 
directly on the plate, and where they are once reflected from a thin 
plane glass mirror silvered at the back.* 

Summed up in the shortest terms, the conditions of exposure are 
practically the same as those required in ordinary photography, the 
chief difference being that the duration of the exposures amounts 
roughly to hours or half hours in the cases under consideration , 
instead of minutes or seconds, as in quick plate photography. All 
this, of course, points to the blue end of the spectrum as the effective 
one, a conclusion which is abundantly justified, and, in fact, fully 
proved in the sequel, and by my experiments with the spectrum since 
published.f 

§ in. 

In the following sets of exposures (Table C), I employed quartz, 
instead of glass, as a covering to the Petri's plates > so that, except in 
the cases 12A, 12B, and 120, the light traversed no glass before 
reaching the spore-laden film. 

The results show little additional information, excepting that in the 
cases 12D and 12E it was interesting to find that the action was 
approximately as pronounced after one hour of exposure as after 

# This remark refers particularly to this kind of exposure, 
f < Proc. Eoy. Soc./ vol. 54, p. 472 (Abstract). 
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two and a half hours, and distinctly more so in both cases than where 
glass was employed in addition. 

§IV. 

The following series of experiments (Table D) were made in con- 
tinuation of the foregoing, and the description of glass screen em- 
ployed (3rd column) refers to the table on pp. 328 — 329. 

The chief feature of novelty is that I here used the same plate 
for different screens, as follows. A thick, opaque cardboard screen 
was prepared as large as the plates, and this screen perforated "with 
four or Hye circular or square windows. Over each hole a piece of 
the coloured or other glass to be employed was then cemented, and the 
wnole held in contact with the plate to be exposed, by elastic bands. 

The advantage of this proceeding was that I could check the pre- 
ceding results, to see if any erroneous conclusion had resulted from 
my using different plates. 

§ V". 

In order to investigate more in detail the action of the decomposed 
sunlight on the spores, I made a series of glass screens of the nature 
of water cells, or reservoirs, as follows. A number of circular, flat, 
indiarubber packing rings, about a quarter of an inch thick and three 
inches internal diameter were obtained, and a small piece cut out of 
each ; then a thin, plain piece of glass was cemented to each side of 
the now incomplete ring, thus forming a reservoir with two large 
parallel glass ends, the sides being formed of indiarubber. I found 
that by carefully cementing the glass with gold size, it held very 
well, at least for two or three experiments, and could easily be re- 
cemented if necessary. 

Fig-. 1. 




These glass cells were filled with, the coloured transparent solu- 
tions to be referred to (see Table E), and then placed over the 
exposed letter on the prepared plate as described in my previous 
paper (' Proc. Roy. Soc.,' vol. 52, p. 393), being held in position by clips 
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or elastic bands, and the whole then so fixed that the sunlight had to 
traverse the coloured or other fluid before reaching the agar film in 
which the spores were embedded. It will, of course, be noticed that 
the light here traverses three plates of glass as well as the solution 
of the screen before impinging on the spores in the film, a fact of 
importance. 

I have summed up the characters and chief properties of the solu- 
tions employed in the following Table E, and need not, therefore, 
describe them in detail here. In all cases, excepting Kos. 3 and 5, 
the medium employed for solution was water ; in these exceptional 
cases, where carbon bisulphide and alcohol were used, it was neces- 
sary to have screens devoid of cement. These were met with in the 
form of certain small glass flasks, shaped like brandy flasks or scent 
flasks, with along neck and flat sides ; they are used on the Continent 
for sealing up cultures of bacteria. 

Fig. 2. 




^^^: s 



The chief objection to their use is that the flat sides are apt to be 
slightly uneven in thickness on the internal face ; by carefully select- 
ing from a large number, however, I was able to secure several very 
good screens of this description. # The liquid is, of course, bottled in 
the usual way, and the neck secured with a good cork. 

§ VI. 

The following Table P summarises the results of a number of expo- 
sures behind these screens of coloured and other absorbent media, 
with particulars as to the dates of exposure, number of hours, insola- 
tion, and incubation, and other factors worth extracting from the 
notes. 

It will be observed that I here confined my experiments entirely to 
the spores of Bacillus anthracis. I did this because it became more 
and more evident that until I had obtained all the information possi- 
ble about some one species — the factor most constant in this long 
series of slight variables — it would be difficult to value the import- 
ance of specific differences later. Experience has thoroughly con- 
firmed the justice of this conclusion. 

* In later experiments I have had the side ground out flat, and glass or quartz 
plates cemented on. 
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Table F. — Exposures behind 



IS* umber 

of 

plate. 


Date 
made. 


Screen 
employed. 


Date 
exposed. 


Kind of 
exposure. 


Number 

of hours 

sunshine. 


Date put 

into 
incubator. 

Feb. 13 


0(1) 


Feb. 12 


Quinine sulph- 


Feb. 12 


JLyliCCu* a t • 9 « t t 


5 






ate 


and 13 








I 


„ 20 


Quinine sulph- 
ate 


Feb. 25 


3 h. reflected : 
2 h. direct 


5 


„ 25 


J 


?) 


Iodine in CS 2 . . 


33 


33 


5 


33 


K 


5) 


Prussian blue 
and oxalic 
acid 


33 


33 


5 


35 


L 


5 5 


Am. cu. oxide. . 


33 


Reflected 




3) 


M 


Feb. 25 


Weak K. cbr orn- 
ate 


Feb. 25 

and 26 


55 • * » • • 


3 


Feb. 27 


K 


?? 


Strong potass - 
chromate 


33 


^ j • • • i t 


3 


33 


O 


53 


Picric acid .... 


33 


2 h, reflected : 
1 h. direct 


3 


33 


P 


33 


Methylene blue 
and picric acid 


33 


3) 


3 


55 


Q 


3? 


Am. cu. oxide. . 


Feb. 26 
and 28 


3 h. reflected : 
2 h. direct 


5 


Feb. 28 


XV 


33 


^Chlorophyll.. . . 


35 


33 


5 


55 


s 


55 


Iodine in CS 2 . . 


33 


33 


5 


33 


u 


Feb. 28 


Weak K. chrom- 
ate 


Feb. 28 


Reflected 


4 


35 


V 


5? 


Strong potass - 
chromate 


?J 


j 5 . * • » « 


4 


5 3 


w 


53 


* Chlorophyll . . . 


33 


33 ..... 


4 


33 


X 


5 J 




33 


x/li cOui ... «... 


3 


35 


Y 


J? 


Quinine sulph- 
ate 


53 


J » .....4.. 


3 


3-3 


1 


Mar. 4 


Strong potass - 
chromate 


Mar. 4 


Reflected ..... 


2 


Mar. 4 


2 


3 J 


Weak potass- 
chromate 


33 




2 


55 


3 


3? 


Iod. + CS 2 . . . . 


53 


5 5 ..-.. 


2 


53 


4 










2 




5 


33 
'3 


Strong f uchsin 


Mar. 5 


33 . » • • . 

Direct , 


3 


55 

Mar. 5 


6 


■'"' 


Dilute fuchsin 




55 *#*«»*•« 


3 
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1ST umber 

of days 

Incubated. 



6 



6 
6 



6 
1 



4 

4 

4 
3 
3 



3 
3 

3 

3 

3 
3 

7 

7 

7 
7 
6 

6 




G-ood letter W 



• e • • « * 



Nothing appeared on the plate 
till the third day, and then 
only about 200 colonies at 
the extreme margin. No 
letter in six days 

No letter in six days 

No trace o£ germination any- 
where on the plate, except 
extreme margin 

Excellent sharp letter N 

Letter T visible after eighteen 
hours incubation, but not 
sharp 

No letter C. (Termination took 
place equally all over the 
plate 

Letter Y feebly visible after 
twenty-four hours 

No letter X. G-ermination 

equal all over plate 
Sharp letter Z. 



No trace of letter. , 



.*•<>«««•( 



Extremely faint B. 

No letter. 

No trace of letter. 



j> 



5» 



f) 



JJ 



. O « 4 . 



Faint letter C. 



No trace of letter « 



5> 



>J 






JJ 



• «•••<>••••• 



Yery faint letter X ...«••... . 



Remarks „ 



The first three days showed powerful inhibition- 
effects, and no letter was visible till fourth (lay 
then sharp and clear. 



From 20th to 25th the weather was dull and cJold. 
I Temperature of plates averaged 6° 0., and tfone 
' had germinated on morning of 25th, wheii we 
had brilliant hot sunshine. 



The letter after three days was not very sharp, 
since the colonies around were large and not very 
numerous, and about six or eight were seeii on 
the insoiated area. 



Even on the fourth day the contrast was not sharp, 
the surrounding colonies being so few an<i so 
large. 

Closer inspection showed a faint " ghost " of letter 
X on third day. 



*The chlorophyll at first (Feb. 26) blocked out all 
the blue-violet, and had bands in red and green ; 
but during the last two hours (Feb. 28) it only 
cut off violet, and had feeble bands in red and 
green. Colour olive, in place of deep blue- green. 



VOL. LVI. 



^The chlorophyll = deepest solution ; total ab- 
sorption from b onwards, and deep broad b^nds 
in red and green. 



Temperature rather high. Sun very bright and 
hot, but interrupted by clouds occasionally. 
The exposures began before 2 p.m., and ended 
just after 4 p.m., and two hours expresses the 
maximum of sunlight. All were over plane 
mirrors, carefully adjusted. 

The experiment was of little value. I had probably 
not used a sufficiently large charge of spores 
These dilute fuchsin screens need careful watching. 

The colouring matter gathers into flocks in U m ®> 

and lets much more light through. 

2 A 
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Table P.— Exposures belli rid 



Number 

of 

plate. 



11 
12 

15 
16 

17 



18 
19 

20 
Ilia 

UK 



IITc 

Hid 
IV 

Y 



VI 

Xa 

Xft 

7 
9a 

96 
B 1 

B 2 

C 

xvr 

XVII 



Date 
made. 



Mar. 4 



3? 



Mar. 7 



» 



33 






Mar. 10 



j? 



33 



33 
J? 



33 



33 

Mar. 11 

Mar. 13 
„ 14 

Mar. 21 



Mar. 27 



>? 



Screen 
employed. 



Strong chloro- 
phyll 

Strong potass- 
chromate 

Dilute* fuchsin 



Strong* 



33 



JEsculin + 
quinine 



JEsculin 

Potass-chrom- 
ate* (strong) 

Quinine 

Iod. -t- 0. 



>^9 . • • 



3? 



Strong potass - 
chromate 



j? 



Quinine 



JEsculin + 
quinine 

iEsculin ...... 

Chlorophyll. . . 

VUDU4 .... . e • 

Iod. + CS 2 . . * 
„ ... 



ISTo screen 



33 



CS 9 + Iod. 



Chlorophyll. , . 
KKS 



Water ...••... 



Date 
exposed. 



Mar, 5 



?? 



Mar. 7 



?> 



33 



33 



33 



Mar. 10 



33 

33 

33 
33 

33 

33 

Mar. 11 



Mar. 13 

,3 15, 
16, and 17 

Mar. 21 



33 



Mar. 27 



33 



Kind of 

exposure. 



junrect). .<.«.«. * 



33 



» o o « 



3? 



3? 



« • O • 4 © 



• •O0O00 



Reflected. . . . 



33 



O 6 6 o o 



Directed. 
Reflected . . . . . 

X/ll t/Lu» ....... 



33 



33 



33 



o • « a 



4 4 



Reflected , 



33 



33 



33 



... a . . tt 



33 

Direct. 



. . . ... 



« • .... 



33 



33 

33 



,, • ••##«. 



33 



33 



33 



4 4 4 4 • • 



« • 4« • a • 



4 • « o 4 4 



Number 
of hours 
sunshine. 



3 



2 
2 

2 



2 

2 

2 
1 

2 



2 

2 



2 

2 

2 
2^ 
10—12 



2* 



33 

2 



3 
3 



Date put 

into 
incubator. 



Mar. 5 



j? 



Mar. 7 



» 



33 



33 



33 



Mar. 10 



3? 

33 

33 
33 

33 
33 

Mar. 11 



Mar. 13 
„ 17 



Mar. 21 

33 

Mar! 27, 
3 P.M. 

33 
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Bottle Screens, Coloured, &c- — continued. 



Number 

of days 

incubated. 



6 

6 

2 

4 



4 

4 

4 

7- 



7 
2 



1 

6 

6 
4 
16| h. 



26h. 



42 h. 
6 d. 



Results. 



No trace of letter 



>> 



j> 



G-ood X, but by no means all 

killed 
No trace. Plate evenly covered 

all over 

Extremely faint " ghost " of Z 
after twenty-four hours, and 
invisible after forty- eight 
hours. 

No trace. Germination all over 



j> 



j> 



>> 



>j 



j> 



j> 



Remarks. 



The chlorophyll much oxidised and olive coloured 
at end, but still cut out all the blue. 



f" # Plane screen. The dilute fuchsin lets red. — 
| yellow and trace of green through, and then 
•{ blocks up to one-third between F and G. Then 
| lets a considerable proportion of blue-violet 
(^ through. 



No germination till second day. 

No letter 
No germination till third day. 

Very faint and transient 

letter later 

Active germination and traces 
of figures but ti'ansient only 

Letter T visible in twenty 

hours, but not all killed. 
Letter X visible in seventeen 

hours, and sharpening up in 

twenty hours 
Z visible, &c, pari passu with 

latter 
G-ermination equal all over 

plate. No letter 
Good letter IT. 

Germinated evenly all over . . . 
No letter appeared 

C out sharp, but diffused 

Faint N, cleared by 24th, but 
bad outline 

Extremelv ill-defined, and 
never so good on H 

Germinated evenly all over. 

Much clearance over a shield- 
shaped area in eighteen hours, 
but no clear U 

Very sharp and clear T. 



*Plane screen. This chromate is reciprocal to 
dilute fuchsin. 



Same plate, screens, &c Successive windows 
opened. Bottle screen. 'Powerful inhibition 
> on the CS-2 side, and no germination there at 
all at first. Faint " ghost " after twenty-five 
hours on chromate side, but obliterated later. 



i 



Over same mirror. Both X and Z gradually ob- 
y literated next day — i.e., spores not killed, only 
retarded. 



J 

Extremely good sun and blue sky. 

Exposed 1.45 to 4.15. Incubated at 25° 0. 

I One screened ; the other not. Same plate, &c. 

J Same plate. H screened. N not. Very hot 
brilliant sun and blue sky. Kept till 25th. 
N clearest, but bad. 

Very hot sun, hazy first hour, then brilliant. 



2 A 2 
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If we now look at the results tabulated above, it is seen that the 
solar action is evident, though feeble, through dilute fuchsin, aesculin 
and quinine, and picric acid ; while no trace of action occurred 
through potassium chromate, chlorophyll, eosin ? and strong fuchsin. 

On the other hand, the action was sharply defined where am- 
moniaeal cupric oxide or water alone was employed, and also where 
alum dissolved in water was used. In other words, the action is 
most pronounced when the rays transmitted are those of the blue- 
violet end of the spectrum, bearing out the results already obtained 
more generally. 

During the progress of the experiments above tabulated, a number 
of other points of interest were observed. With carbon bisulphide 
and iodine it frequently happened that no letter was obtained on the 
plates (Expts. J, 3, III«, 7, 9a), but occasionally the light action was 
recorded by the appearance of the letter (Expts. S, 1116, B 2 ). The 
fact is, the solution did transmit a scarcely perceptible amount of 
violet rays, and since I could not discover any definite relation 
between the times of exposure and the results, one of two possibili- 
ties suggested itself— either differences in the thickness of the glass 
of the plates, or differences in the degree of clearness of the atmo- 
sphere may account for the discrepancies. Probably both causes 
were effective, for, of course, they both affect these violet rays con- 
siderablv. 

Another phenomenon repeatedly noticed, both in these experiments 
and in others, was that if the exposure to a very bright sun is con- 
tinued too long, and especially if the plate is not very accurately at 
right angles to the direction of the rays, the light may clear the 
plates entirely, or nearly so. This seems to be due to the reflections 
of the light from the glass surfaces inside the Petri's dishes ; if the 
light is very intense, or the exposure long, these reflected rays are 
sufficiently powerful to produce effects similar to those of the direct 
light. 

This seems to me to explain another phenomenon very commonly 
met with. In many cases of long* exposure to clear hot sunshine, the 
first evidence of the successful light action is not a sharp well-defined 
letter, bat a blurred clear patch, which slowly sharpens up as incuba- 
tion goes on. 

It is evident that in such cases the action of the light has extended 
beyond the boundaries of the stencil letter, into parts of the film 
really not exposed to the direct incident rays. I explain this as dne 
to the reflection of some of the rays from the glass surfaces in the 
interior of the plate. 

These reflected rays are not sufficiently intense to complete the 
bactericidal action, they only inhibit the organism more or less, or at 
least leave many spores still alive ; consequently, while these out- 
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lying spores germinate more slowly than those further away from 
the illuminated area — the stencil letter — they do at last germinate 
out, and so the previously blurred letter becomes sharp and clear in 
outline. 

The phenomenon very much resembles the development of the 
indistinct " ghosts " of letters in cases where the exposure is too 
short, or the light not sufficiently intense, or wanting in active rays. 
Such faint letters gradually become obliterated as incubation pro- 
ceeds, because the spores, still alive but only retarded in develop- 
ment, gradually germinate out to an extent so little differing from, 
the rest that the eye fails to detect any difference. 

The retarded development of a few colonies, at a late period of in- 
cubation, on the hitherto clear area of the exposed letter, is due to 
similar causes, but produced in a slightly different way. It is ex- 
tremely difficult (probably impossible) to thoroughly distribute the 
spores in the film so that some do not shelter others from the light; 
consequently, when a clump of spores exists on the exposed area 
some of the inner spores may so far escape the bactericidal action as 
to be able to germinate out later, and I have had many experiences of 
these cases. In fact, the chief point about a good film — i.e., one 
which develops a sharp letter after ordinary exposure — is that the 
spores shall be neither too few nor too many, and thoroughly and 
evenly separated and distributed ; and, lastly, that the agar or other 
medium shall not be too thick, and thus render possible the ordering 
of long rows of spores one behind another {i.e., in rows parallel to the 
ray of incident light) which thus shelter one another from the light's 
action. 

These points, and some others, come out still more clearly in the 
next series of experiments. 

§ VII. 

The following series of experiments were made behind superposed 
screens, and it must be borne in mind that the light had to traverse 
not only a double thickness of solution, but also five thicknesses of 
glass, before reaching the spores. 

On the whole these results may be regarded as simply confirming 
the previous ones, but I was (and still am) considerably puzzled by 
the behaviour of the iodine and carbon bisulphide screens. In several 
cases the plates seem to be destroyed by the light passing through 
this medium, and for some time I was doubtful whether there might 
not be a cumulative effect due to the action of the infra-red rays. It 
seemed extremely probable that these rays — the " dark " heat rays — 
do help to promote the bactericidal action, and I thought perhaps 
because they accelerate the chemical changes on which the action 
depends. 
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However, on comparing the action of a thick crystal of rock-salt 
with that of water and alum, I was unable to detect any such marked 
difference as would seem to follow if that conclusion were correct. 
As will be seen more clearly later, when I come to discuss the results 
obtained with the spectrum, the infra-red rays are themselves utterly 
without perceptible effect.* 

§ VIII. 

The following series of experiments, designed to estimate the 
degree of light action on water bacteria, was carried out, under my 
direction and supervision, by Miss Hay ward, of University College, 
London, and I owe it to her to state that their successful carrying 
out would have been impossible — on account of the numerous plates to 
he counted, in short periods, and involving very large numbers — but 
for her untiring industry and devotion to the work. 

Series I. 

About 150 c.c. of Thames water, collected at 10 a.m. on August 12, 
were distributed equally in three Erlenmeyer flasks, properly steri- 
lised, and the flasks labelled A, B, and C ; and at 11 a.m. a 1-drop plate 
was made from each flask. These plates, examined and counted on 
August 14 at 11 a.m., gave respectively 1560, 1700, and 1080 colonies 
per c.c. — i.e., an average of 1446 colonies per c.c. developing in two 
days. On keeping the plates another day, two of them gave 3705 
and 1656 respectively, while the third was uncountable and liquefied, 
the mean being 2680. 

We, therefore, assume that the water contained at the outset about 
2700 bacteria per c.c, capable of developing in three days. 

The flasks were then placed as follows : — A was suspended by the 
neck so that it could be exposed to what sunshine there was, and at 
the same time be illuminated from below by the light reflected from 
a plane silvered mirror. 

B and C merely stood by the side of the stand supporting A, O 
being covered with tin-foil and black paper, while B was exposed to 
the light from above and at the sides. 

After standing thus from 12 noon to 4.30 p.m., the weather being 
very cloudy with only occasional bursts of sunshine, fresh samples 
were taken from each flask by means of sterilised pipettes, and new 
plates made to see if any changes had occurred of note. 

Taking first the plate from A, after two days' incubation, we found 
1599 colonies per c.c. ; and after a further twenty-four hours, 2760 
per c.c, of which 12 per cent, were liquefying forms. The number 
of living bacteria capable of developing in two to three days, there- 

# Since writing this the experiments with the spectrum have been published 
separately (See ' Proc. Roy. Soc.,' 1894, vol. 54, p. 472, Abstract). 
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Fig. 3. 
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fore, was approximately the same as at the outset, and the dull light 
seems to have prevented the usual rapid multiplication. 

The plate from B, made after exposure, gave us 680 colonies per c.c. 
after two days' and 2550 colonies per c.c. after three days' incubation, 
and showed evident signs of liquefaction. Here, therefore, it would 
seem that the light had exercised an inhibitory action as to numbers. 

The plate from gave 2268 colonies per c.c. after three days' in- 
cubation, but it was liquefying still more rapidly. 

So far, therefore, with the dull light of a cloudy day, it did not 
seem as if an exposure of four and a half hours gave results of much 
significance as to the numbers of bacteria ; but it did seem as if the 
plates from the exposed flasks showed less liquefaction. 

Meanwhile, the three flasks stood at a temperature of about 16° C. 
overnight in the laboratory, and were exposed next day from 
11.30 a.m. to 4.30 p.m. — again a dull day, and practically no sunshine 
at all. 

Before exposure, however, we took samples as before, and after 
two days' incubation found that A had about 13,650 per c.c, B had 
15,980 per c.c, and C was so badly liquefied that we could place no 
reliance on the numbers (1584) counted. 

These numbers are not very satisfactory taken by themselves, but 
they showed us that the matter was worth further investigation along 
similar lines. 

The following table H summarises the foregoing facts : — 
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§ IX. 

On August ] 4th, three flasks were prepared and exposed as before ; 
A' with mirror beneath, B' with, no mirror, and C wrapped up. 
Fairly bright sunshine prevailed during the exposure — from 11.15 to 
4.30 — an occasional cloud obscuring the sun. 

Two samples showed that A' started with 1755 per c.c. and 1404, 
the mean being 1578 per c.c. After five hours' exposure, over the 
mirror, plates were again taken. Three plates yielded 1326, 780, and 
858 per c.c, the mean being 988 per c.c, which looks as if a perceptible 
reduction had occurred. 

Two plates from B' at the start gave 680 and 2176, the mean being 
1423 per c.c. After its five hoars' exposure, without a mirror, three 
samples yielded 918,476, and 476 per c.c, the mean being 623 per c.c, 
and again suggesting effect of bactericidal rays. 

Plates from C at the beginning gave 1156 as the number to start 
with, and after the five hours side by side with the other flasks, but 
protected from the sunshine by foil and paper, samples gave 3240, 
2052, and one uncountable. The mean, = 2646 per c.c, suggesting a 
perceptible increase. 

Here, again, it was evident that liquefaction took place much more 
rapidly on the plates from the unexposed flask than on those from the 
flasks exposed to light. 

The chief difficulty with these mixed plates is always that caused 
by the liquefying forms, one of which was especially troublesome, 
often coming on so rapidly that a plate which looked " safe " at a 
given time would be mined three or four hours later. 

The foregoing results are summarised in the following Table I. 

"Without attempting to lay too much stress on the actual numbers 
in this series, it is pretty evident that if we take the totals or the 
means of the numbers of bacteria obtained from the water by taking 
three samples from each flask at each period of examination, we get 
at least some information as to the rate of action of the light on the 
total organisms. 

Put thus, the facts run as follows : — Of the nine samples taken at 
the start, four were not counted, as they liquefied too rapidly. The 
average of the other five gave 1434 per c.c 

Flask A', after five hours' exposure over a mirror, gave 988 per c.c 
as the mean of three samples. 

Flask B', after five hours' exposure without a mirror, gave 623 per 
c.c. as the mean of three plates. 

Flask O', not exposed, but otherwise treated similarly, gave 2646 
as the mean of two plates. 

It seems impossible to doubt, therefore, that the exposure to light 
reduced the numbers by nearly one-half. But this proportion becomes 
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much greater if we note that during the period an enormous multipli- 
cation would normally occur. 

§ x. 

On August 15th two Erlenmeyer flasks were charged as "before 
with Thames water, and labelled A and C. A was exposed over 
mirrors, and wrapped up. We introduced the difference here of 
having an additional mirror behind the flask, as well as that below. 

The day was bright, with plenty of sunshine all the time, and A 
was exposed for 5| hours — from 10.30 a.m. to 4 p.m. — and then 
samples taken from both. 

Meanwhile, the average of seven samples taken at the commence- 
ment gave 1644 as the number per 1 c.c. in the Thames water at 
starting. 

Unfortunately, the temperature rose during the next twenty-four 
hours sufficiently to soften the gelatine of the plates taken after the 
first 5|- hours, so we could not count these. 

On August 16th — another bright, clear day — the flask A was again 
exposed for six hours, and C (wrapped up) beside it, both flasks 
having stood all night (nearly 12 hours), at 18° C in a cupboard in 
the laboratory. 

After this second exposure the plates gave — for A about 6000 per 
c.c, and for over 174,000 per c.c. ; showing that the exposure to the 
light had kept down the numbers in A, in spite of the interval of 
twelve hours in a warm, dark cupboard, when, of course, the bacteria 
not killed off by the first day's exposure multiplied rapidly. 

Here, again, 1 was struck by the diminution of the liquefaction 
on the plates from the flask A ; it did not look like merely fewer 
liquefying forms, but as if those that were present really liquefied 
less rapidly and less efficiently than those from the flask not exposed 
to light. 

§ XL 

On August 22nd two Erlenmeyer flasks, marked F 3 and F 4, were 
charged to a depth of 1 in. with Thames water, properly collected, 
&c. (see Table J). 

Flask F 3 was exposed to the sun with a mirror below; F 4 stood, 
covered, by its side. The exposure lasted from 11.30 a.m. to 4.30 p.m, 
(being five hours), but only about one and a half to two hours at 
most was good sunlight, the day being showery with snatches of blue 
skv at intervals. 

Four samples taken at the beginning of the experiment gave 800, 
1408, 748, and 1462 per c.c. as the numbers after two days' incubation. 
Total of four plates = 4418 ; average = 1104 colonies per c.c. to start 
w ith. 



°42 



«> 



Profs. Percy Franldand and Marshall Ward. 



o3 



© 



P^-2 

S ° © * 



^ 



© 



<4H 

o 



fe 



to 

© 

■ r-l 

P 

o 

r— I 

o 

o 



ID 



co 

CM 

CO 



P CD 
o3- 

^~< o3 
T? 4^> 

© P 



o 

00 



o 



00 

00 



o 

00 

CD 






CO 



© o 

P o 

B 13 



O 

CM 



CD 
CO 



CM 
CM 



O 
CM 



00 






c3 
o 

p ■** 



p 
o 



to 



p Jt> 

C "^ 



CM 



CD 






CD 



00 



ID 



r— H 



© 

a 

P 



O 



© 

4-3 

C3 
i 1 



Wlien 
examined. 








*\ • 


*\ 


*\ • 


*\ 






CD .; 
rH S 

bb^ 


CO 3 

^5 


• 


R CM 


g. 16 

A.M. 


^ CM 


g. 16 

A.M. 


g..l6 

noon 




P o 


p ^ 




P O 


P rH 


■^1 rH 




-<j rH 


•<} rH 
r—{ 




^<M 


<J rH 


^<M 


<j rH 




6 




















Tj 


*\ 


»\ 


«>, 


*\ 


»\ 


*\ 


*\ 






c3 




^* . 


^ w 


^ . 


^ M 


^ . 


^ vJ 


^ . 




g 


r-l M 


-1 E 


^ S 


r-i 3 


^ g 


r~\ S 


^ £ 




pi 

03 


bb^ 


bb Ph 


bb"^ 


ti)p4 


bb^ 


bJO pj 


bb*^ 


bp p4 




P rH 


^ . 


P rH 


P _ 


P r-i 


3 *« 


^ rH 


p ^ 




r3 


-<j rH 


■<\ 1-i 


<j *> 


<{ rH 


^^ 


■<j rH 


<j*° 




£ 





















<i 



CM 

<1 



<3 



CM 

<1 



^ 



<M 



pq 



CM 

pq 



S M »H 

3 © rj 



iO 



XO 



xo 



ID 



T3 . 
to O 

W ° 






^ 



to r 
O - 

Ph* 
M 



o 

S-i 



to X3 
Pn"g 



O 



C3 P 

o ^-i 

P.72 



o 

u 
u 



«w P 

u 

p 



o 



w 



o 
© 



bbo 

P CO 



rH <] 

bbo 

p CO 

<j o 



bbo 
P CO 

<! d 



bbo 
p CO 

M d 

rH 



to 

>^> 

P 

P 
O 

Q 



© 

o3 

to 
© 



o3 



© 

to 

© 



o3 



© 

to 

© 

H 



rH 
© 

03 

to 

© 

a 

o3 

rP 



to 
03 

t— H 



^ 



<1 



<J 



pq 



Report on the Bacteriology of Water. 



343 





CO 


CO 


CO 


O 


CO 


<M 


r 'C3 

d J2 
C3 i— ( 


1> 


y-4 


*> 

-* 


"5 ® ^ 

d ■ — ' £i 


rH ^ © 
•^ d i — 1 


'S-SS 


03 aD 




Ol 




■ g ,Q CO 


rH g X! 


03X <M 


__ «3 








, 03 


. o3 


03 


rrjj -+3 








rH ^ 


tj ■*=; 


nH -4-s 


a> d 








<D d 


«.- d 


S S3 


CO 3 








Cfl d 


cd = 


«c d 


0) o 








0) o 


CD O 


CD O 


2 2 








d o 


S O 


d o 


c^ d 


^f 


^ 


^ 


cr< d O 


^ CH d 


a- 1 d -t- 


.rH 2 


rH 


CO 


rH 


•H rjOJ 


CO «»H r-< 


•h 3 10 


i-3 








r-1 ^ 


r-3 " 


vJ 




CO 


O 


CO 


• • 






o »» 


Tfi 


1Q 


Tj» 








w 














*\ 


#\ 


*\ 


*\ 


CO" ^J CO" ^ 




*\ • 


CO . 


co . 


CD . 


CO . 


co M - co y 

rH S rH H 
J P4 


2 8 


^ g 


rH |gj 


•H ^ 


rH % 


bD Ph 


bo ph 


bD PM 


bD Ph 


bjo^ 1 bbo 


bb^ bb 1 

3 2 3™ 


• • 

Aug. 
5.20 


^(M 


^°° 


3 _j 


4°° 


d rH d CO 
<J f" 1 <j <M* 


3s 








« 

H* ^ HH . 


• 

H3 F< H* 




^ S 


rH £j 


rH H 

r*i 


^ ^ rH ^ 


H JH u 


rH ^ rH m 


bb^' 


bpp* 


bb^ 


bD P-i 


bbO bb pi 


bCO bJD pJ 


bJOO bb fM 


d rH 


p in 


3 rH 


? »o 


<j rH^ 


d co s _ 


d co p 


-es\ rH 


<J *° 


<j rH 


<j *° 


^-J^* 


-ti^^ 10 










rH 


rH 


rH 


V 


•». 


*•- 
•^ 


V 
V 




V v 


^ 


rH 


<M 


rH 


CM 


rH (M 


rH <M 


rH (M 


PQ 


PQ 


ffl 


Ph 


O O 


Q Q 


Q Q 


o 


HO 


o 


«D 


• • 


« • 


• • 



Exposed 

without 

mirror 


S ^ o 

§ o g « 
t - 1 n sj •» 


•43 

o s 


o 


. O 


P-12-3 

^■h s 
w ^ n 


fc 


• ^ 


• JZi 








rf* 


• 

hT S 


• 


• 


• 
r\ Lj 


bJDO 


bJDO 


bDO 


rH J 
bXO 


bJDO "* 


d co 


d co 


d co 


S3 CO 


d co 


«*tl d 


^o 


<i d 


<j d 


<1 d 


rH 


rH 


rH 


rH 


rH 


Ph 


?H 


U 


^ 


<L( 


<D 


a> 


a> 


<D 


<D 


-1-3 


-4-J 


•4-S 


-l-i 


J.3 


03 


03 


03 


03 


03 


£ 


^ 


[^ 


^ 


^ 


rjfi »\ 


(B £ 




f» £ 


0Q S 


QJ •* 


© 


<D 


a> 


0) 


3 


1 





a 


s 


03 


03 


03 


03 


s 


ra 


^d 


^S 


■XI 


rd 


^ 


H 


H 


H 


H 


Ph 


W 


s. 

Q 


Q 


Q 



344 Profs. Percv Frankland and Marshall Ward. 

After another day's incubation one plate was liquefied ; the others 
gave 832, 1 920, and 816. Total of three plates = 3568 ; average = 
1189 colonies per c.c, and this may be taken as the highest number 
obtainable, the counting having been done and checked very carefully 
and thoroughly with a good lens. 

After the five hours' exposure, new plates were made — two from 
each of the flasks — and, in order to obviate as far as possible our 
previous difficulties with the liquefying forms, we diluted each 1 c.c. 
of the sample water with 9 c.c. of sterile distilled water, carefully 
prepared in advance. 

It is unnecessary to give details as to sterilisation, &c, but the 
following are the essential points of the plan followed : For each 
sample to be taken two pipettes and two test-tubes are needed. One 
of the test-tubes of each pair is graduated to hold 9 c.c. of the sterile 
water; into the other 1 c.c. of the water to be tested is dropped with 
one pipette, and the 9 c.c. of sterile water are then poured on to this, 
thus ensuring thorough and rapid mixture. The second pipette is 
then used to obtain the one or more drops taken to make the gelatine 
plate. 

By this method we found that two plates from F 3 (the exposed 
flask) gave 2880 and 1280 per c.c. on the 4th day. Total of two 
plates, 4160; mean, 2080 per c.c, suggesting that the light was not 
strong enough to prevent the bacteria from multiplying. On stand- 
ing two days longer these plates gave 3840 and 1600 ; total, 5440 ; 
mean, 2720 colonies per c.c, showing that there were a good many 
slowly developing germs present, and we were struck with the paucity 
of liquefying forms. 

Two plates from F 4 (the unexposed flask), made and examined at 
corresponding times, and in the same way, gave 660 and 2310 per c.c. 
on the fourth day. Total, 2970; mean, 1485 colonies per c.c. ; and 
on the fifth day (we could not g*o further) 660 and 3630 ; total, 
4290 ; mean, 2145 colonies per c.c 

So far, therefore, the numbers in the two flasks did not appear to 
be appreciably affected by the little sunlight that reached the water. 

The two flasks were now placed in an ice-safe over night, for expo- 
sure next day. They remained on ice about 14 hours. 

Next morning, August 23, these flasks were again put out at 9 a.m., 
and remained till about 4 p.m. (over seven hours) ; but it rained 
steadily all the time except the last hour, when the sun shone. 

Two plates, made of diluted samples as before, from each flask, 
were made at noon on this day, with the following results : After two 
days' incubation the plates from flask F 3 (exposed) showed 39,600 
and 37,620 per c.c. Total of two plates, 77,220; mean, 38,610. After 
a further day's incubation the plates gave 47,190 and 41 250 ; total, 
88,770 ; mean, 44,385 per c.c 
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The two plates from flask F 4 (not exposed), examined at the same 
time, gave 10,800 and 7,200 per c.c. in two days. Total, 18,000 ; 
mean, 9000 per c.c. ; and, in three days, they showed 13,200 and an 
uncountable number, owing to liquefaction. 

These results were decidedly mystifying at first, for they showed 
apparently a stimulating effect of exposure to the light ; bat on going 
further into the matter it seems more probable that what really 
happens is, that (1) the sunlight was not powerful enough in blue- 
violet rays to produce any appreciable inhibition in the time ; and (2) 
the flask F 4, covered in tin foil, &c, did not become warmed so rapidly 
as the other, and consequently still showed the retarding action of 
the icing to which it had been subjected. 

That this explanation is right is borne out by the behaviour of the 
plates taken at 4 p.m. — i.e., after four hours' further exposure of the 
flasks — for the covered flask, although enormously increased in 
bacteria, was still behind the exposed one. 

After two days' incubation, the two plates from F 3 (exposed) at 
this period gave 184,800 and 165,000 respectively. Total, 349,800 ; 
mean, 179,900 per c.c. ; and, after three days, 231,000 and 207,900. 
Total, 438,900; mean, 219,450 per c.c. 

Whereas the two plates from the non-exposed flask gave respectively 
19,500 and 12,000'per c.c. ; total, 31,500 ; mean, 15,750 per c.c, after 
two days' incubation, and were not counted further. 

Considering the enormous expenditure of time and trouble involved 
in making and counting these plates, we were somewhat discouraged 
by these negative results, which are summarised in the accompany- 
ing Table J (p. 346, &c). 

§ XII. 

On August 24th two flasks of Thames water labelled F 5 and F 6 
were exposed exactly as the last, but the weather was fine and we 
had much bright sun and blue sky, with rapidly moving white 
clouds. 

The first exposure was from 9.30 A.M. to 4 p.m., and the arrange- 
ment as before. The temperature, as indicated by thermometers in 
control flasks, rose { occasionally over 35° C, but was usually not above 
30° C, and somewhat higher in the covered flask than in the un- 
covered one. 

Four plates of the water with which the flasks were charged were 
made at the time of starting the experiment, and were incubated as 
long as possible. In four days they gave us 1980, 1650, 1320, and 
2970 colonies per c.c. Total of the four samples, 7920 ; average, 1980 
colonies per c.c. 

After six and a half hours' exposure, of which about four hours was 
brilliant sunshine as far as we could estimate, two plates from each 
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flask were made, and incubated also as carefully and long as possible, 
to get the maximum numbers. 

The two plates from the exposed flask F 5 gave 160 and 320 after 
four days' incubation. Total, 480 ; mean, 240 per c.c. ; whereas those 
from the unexposed flask gave 3400 and 5916 respectively in the 
same period. Total, 9316 ; mean, 4658 colonies per c.c. 

These numbers show very distinctly the effect of the sunshine, and 
are borne out clearly by what follows. 

After the exposure on August 24th, and after the samples for plates 
had been taken, /both flasks were placed on ice over-night, and re- 
mained on ice about fourteen hours. 

On the 25th, at 9.30 a.m., the exposure was repeated, the flasks 
being first examined as to the effects of their sojourn in the ice-box. 
The n,umbers were found to have remained remarkably constant, 
being- 210 for the exposed and 3136 for the covered flask. 
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After this day's exposure, which, lasted six hours, about half of 
which was more or less cloudy at intervals and the rest bright sun- 
shine, the plates made again showed great differences, clearly pointing 
to the inhibitory action of the sunlight, for the sample of exposed 
water gave 1584 as against 29,760 per c.c* in the unexposed flask. 

In other words, although flask F 5 had stood fourteen hours in the 
dark at a temperature not too low for increase, its exposure of about 
12 J hours to the light had resulted in the reduction of its bacteria to 
a number below that it started with ; the unexposed flask meanwhile 
had its bacteria multiplying normally at the rapid rates usual for 
these waters. Had the sunshine been more intense during this second 
day, it is by no means improbable that the water could have been 
completely sterilised by exposure. 

The results discussed above are put into a tabular form in the 



following Table K :- 
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§ XIII. 

On August 25 two flasks labelled F 7 and F 8 were exposed as the 
last, from 9.30 a.m. to 4 p.m., weather mixed — clouds and bright sunny 
intervals. 

Four samples taken at the beginning gave 1666, 1292,1394, and 
1768 colonies per c.c. ; total, 6120 ; average, 1530 germs per c.c. to 
start with. 
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After the six and a half hours' exposure two plates were made from 
each flask. The two from P 7 (exposed) gave 93 and 31 per c,e. ; 
total, 124 ; mean, 62 colonies per c.c. ; while those from F 8 (covered) 
in the same period of incubation, viz., four days, gave 2190 and 2130 ; 
total, 4320 ; mean, 2160 per c.c. 

Here again, therefore, the direct sunshine has a decided bactericidal 
effect, as is clear from details in the following Table L : — • 
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§XIY. 

On August 28 another pair of flasks (F 9 and F 10) were exposed 
as before, 10.30 a.m. till 6.80 p.m., and left out all night ; exposed 
next day from 10 a.m. to 4 p.m. The sky was cloudy on both days, 
but there was a good deal of sunshine also, particularly on August 29. 
We estimated the actual exposure to daylight as 18 hours, and about 
8 hours' good sun altogether. 

In order to extend our numbers whence we drew the average of 
bacteria present at the commencement, twelve samples were taken 
for plates to begin with, and we diluted to 1 in 10 as before. 

After three days' incubation we found four of the plates too far 
liquefied to count, but the numbers would probably not be incon- 
sistent with the following : — 

The eight plates gave a total of 10,890 colonies, and an average of 
1361 colonies perc.c. in the water at the commencement of the experi- 
ment. 

After the exposure to light and darkness from 10.30 a.m. August 
28 to 4 p.m. August 29, we found about 300 per c.c. in the flask ex- 
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Aug. 28, 3.30 p.m. 


77 


* « 
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Aug. 30, 12 noon 
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Aug. 30, 12 noon 
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mould. 




Aug. 29, 11.30 a.m. 
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t # 


71 


2130 


5 liquefying. 


■ 



posed to the light, and numbers too high to count in that covered 
with foil and paper ; moreover, the latter plates were so badly lique- 
fying that their marked contrast to the former could not escape 
observation. 

It was clear that exposure to sunlight affects the liquefying powers 
of the forms in the Thames water, and this apart either from the 
difference in numbers on the plates or because it eliminates these 
forms more rapidly. 



On August 29 two flasks were prepared as before. F 11 was 
exposed to sun with, mirrors, &c, and F 12 put by its side covered 
with foil and black paper. 

The first exposure was from 9.30 a.m. to 12.30 a.m. — -three hours' 
good sunshine, though with occasional clouds. 

The water to start with was estimated to contain about 1200 germs 
per c.c. 

After three hours' exposure F 11 gave, as the result of two plates^ 
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99 and 132 ; total = 231 ; mean = 115 per c.c. After the same 
time F 12 (unexposed) gave 1600 and 1920; total, 3520; mean, 1760. 

The flasks were meanwhile put back and exposed yet another 
4^ hours to the afternoon sunshine — i.e., from 12.30 to 5 p.m. — of 
which about 3|- hours counted as bright sunshine. 

Two plates from F 11 made at 5.30 gave 248 and 279 ; total, 527 ; 
mean, 268 colonies as the number per c.c. ; while two plates made at 
the same time from the unexposed flask (F 12) were so badly lique- 
fied that, although we estimated 3300 per c.c. from one of them, we 
regard the numbers as really higher. 

These flasks stood in the laboratory over-night at a temperature of 
18° C, and were then exposed next day from 11.30 a.m. to 4.30 p.m.,, 
about one and a half or two hours of the five being sunny. Then, at 
5 p.m., fresh plates were prepared. 

Two plates from the exposed flask gave 640 and 3200 per c.c. re- 
spectively; total, 3840; mean, 1920 per c.c. The numbers are not 
very good, as there is such a great difference between the two plates. 

Two plates from the unexposed flask gave 12,800 and 16,000 per 
c.c. ; total, 28,800 ; mean, 14,400 per c.c, again bearing out the con- 
clusion that the sun has powerful action on the exposed water. 

§ XVI. 

To my mind one of the most important discoveries elicited from these 
plate cultures of Thames water was the obvious reduction of liquefac- 
tion on the plates made from water exposed to light, and so struck was 
I with the differences between these plates and those made with the 
water not exposed that I made an independent investigation into the 
matter by selecting a set of the most pronounced liquefying forms 
from the water and examining their behaviour when exposed to right- 
side by side with that of non-exposed samples. 

I started with the commonest and most pronounced liquefying 
form in the Thames water at the time. I refer to it throughout as 
Colony /3 in my notes, and write it shortly /3. I had noticed the 
following facts concerning it during our experiments on the action of 
light on the Thames water as collected — it should be borne in mind 
that I had already studied its characters and knew the form pretty 
well. 

In the first place the plates, as a whole liquefied very much more slowly 
and less completely than those made from unexposed water. Secondly,, 
although it seemed at times as if this was because the form '/3 had 
been eliminated from the water, I suspected that a certain other form, 
which liquefied less rapidly and developed much more slowly alto- 
gether, was really the above-mentioned form ft with feebler charac- 
teristics. 
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On September 3 a small loopf ul of a gelatine culture of the bacillus 
f$ was carefully shaken in about 50 c.c. of sterile water, and distributed 
equally in two Brlenmeyer flasks labelled fi (1) and /3 (2). 

Flask jB (1) was wrapped in foil and black paper; ft (2) was ex- 
posed over mirror from 9.30 A.M. to 5 p.m., and about five hours of 
these seven and a half were good strong sunshine. Thermometers in 
control flasks went up to 34 — 35° 0. as the highest temperature regis- 
tered in the afternoon. 

At 9.30 a plate was prepared from each flask, and gave something 
like 3,000,000 per c.c. as the average numbers to start with. 

After exposure, two plates were prepared from each. Of the two 
plates from the exposed flask, one plate — a 1-drop plate of a l/10th 
dilution — yielded no colonies at all ; the other gave 21,941 per c.c, 
pointing to a profound light-action. 

Of the two plates from the darkened flask, one gave 5,400,000, 
and the other 5,000,000 as the nearest estimate per c.c. 

The two flasks meanwhile stood over-night in the laboratory at 
18° 0. for about fourteen hours, and at 7 a.m. next day (September 4) 
I made two plates from the exposed flask and then again put them out 
as before. 

These two plates gave 42,000 and 59,220 respectively; total y 
101,220 ; mean, 50,610 bacteria per c.c, a prefect ly natural rise in the 
numbers having occurred during the night. 

No plates were taken from the other flask, as I had no particular 
need for the numbers — known to be very high — and wished to 
reserve the counting for other plates. 

After exposure to the bright sunshine of September 4, from 8 to 
4.30, say eight hours' sunshine on the exposed flask, two new plates 
were made from each flask. 

The two plates from exposed flask gave 3050 and 4200; total,, 
7250 ; mean, 3625 bacteria per c.c, again showing a marked reduc- 
tion in the sunlight, and the plates were singularly free of liquefying 
centres, but showed many colonies of the kind I had previously sus- 
pected as being the representatives of p. 

Of the two plates from the unexposed flask, although made from 
one drop each of a l/20th dilution, the numbers were again so large 
and the liquefaction so rapid that no reliance can be placed on them y 
except that they prove that no essential diminution was to be traced 
to the action of the water or temperature in the absence of light, but 
only the natural fall in numbers always found when water stands for 
some time. The numbers actually calculated were 660,000 and 
3,300,000 ; total, 3,960,000 ; mean, 1,980,000 per c.c 

The flasks stood in the laboratory at 18° C. through the night, and 
I repeated the exposure on September 5, putting the uncovered flask 
into the bright sunlight of that day without a mirror. It received a 
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Table M.- — Experiments on Insolation 



Flask. 



3 (K 

3 (2) 

3 a; 

3 (1] 

3(2] 



^ (2; 



3(2) 
3 (2) 



3(2) 
3(1) 



3(1] 

3(1; 

/3(2) 



When 
filled. 



Sept. 3, 
at 9 a.m. 



Exposed 
or not. 



Not 



Exposed 



35 



»3 
33 



Not 



33 



33 



Exposed 



Time of 
exposure . 



9.30 to 5 on 
Sep. 3. 



33 

33 



33 



9.30 to 5 on 
Sep. 3 and 
8 to 4.30 
Sep. 4 



33 

a • 



9.30 to 5 on 
Sep. 3, 8 to 
4.30 Sep. 4, 
10 to 5 Sep. 
5. 



Hours of 


Hours 




exposure. 


of sun. 


• • 

• • 

• • 


* * 


• * 


* * 


I 2 


5 


33 


33 


33 


3? 


3' 

16 


3' 

13 


55 
• • 


35 


> 


• • 
a • 


• * 




23 


19 





Other 
treatment. 



Stood above 
and in front 
of mirror 



S3 



Ditto. Then 
= 14 hours in 
darkatl8°C. 



33 
33 



33 



In dark whole 
time = 40 
hours 

In dark 64 

hours 
In dark at 18° 

each night 



Plate. 



P., (1) 
P. /3 (2) 
Pa. & (1) 

Pb. (1) 
P J (2) 



P 5i (2) 

P m (2) 



P* (2) 
P v (2) 



P vi (2) 
Pc (1 



< 



Pd (1) 
Pe (1) 

Pvii (2) 



good six hours' sun direct, and the temperature rose as high as 37° 0. 
at one time, but was for the most part at 30 — 32° 0. All the other 
conditions were as before. 

After exposure, a plate from the insolated flask gave 665 per c.c. 
One from the covered flask gave 2,600,000 as the nearest estimate I 
could form. 

It is obvious, therefore, that the bacterium referred to as Colony ft 
is very sensitive to the solar action, and the results obtained with, 
the above pure cultures are summarised in Table M. 

§ XVII. 
The results with a second badly liquefying form, which I call 
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of Bacillus /3 in Sterile Water. 



When 
made. 



9.30 A.M., 
Sep. 3 



5 P.M., 
Sep. 3 



7 A.M., 

Sep. 4 



4.30 r.M. 
Sep. 4 



5 P.M., 
Sep. 5 



When 
examined. 



Sep. 8 



Sep 



15 



Time of 
incuba- 
tion. 



days. 



5 



Tempera- 
ture of 
incubation. 



16—18 



11 



10 



Dilution 


Quantity 


or not. 


used. 




c.c. 


i 


i 


2 


so 


1 


1 


2 


36 


1 


1 


10 


36 


1 


1 


2 


3 5 


1 


1 


10 


8 6 





1 
37 


1 


1 


2 


2 1 


1 


1 


2 


2 1 





1 

2 5 


1 


1 


10 


35 


1 


1 


2 


3 3 


1 


1 


2 


3 3 


1 


1 


20 


26 


1 


1 


19 


85 



No. of colonies 
counted on plate. 



About 5,000 

5,844 actually 
counted 

30 squares aver- 
aged 500 per 
sq. = 15,000 

Very similar 
numbers 




593 
100 



141 
122 



12 

About 1,000 

About 5,000 
About 5,000 



Number of 

bacteria per 

c.c. 



3,000,000 
3,506,400 
5,400,000 

5,000,000 



21,941 

42,000 



59,220 
3,050 



4,200 
660,000 



3,300,000 
2,600,000 

665 



Bacillus 7j, are not contradictory of the foregoing — indeed they sup- 
port them so far as they go — but are less conclusive in detail. 

On September 5 two Erlenmeyer flasks charged with sterile dis- 
tilled water, to which a loopful of the bacillus in question was added, 
were placed out in the usual way. Flask labelled q (1) was covered ; 
flask 7j (2) was exposed over and in front of plane mirrors. 

A plate from each flask at the beginning gave respectively 1,470,144 
and 1,699,360; total, 3,169,504; mean, 1,584,752, as the number of 
bacteria per c,c. to start with. 

The flasks were out from 10 a.m. to 4.30 p.m., the day being beauti- 
fully bright with a hot sun and blue sky. The temperature in the 
covered flask rose to 33° C. in the afternoon, that in the exposed 
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one to about 34° C, as shown by controls with thermometers in the 
water. 

Two samples of the water of the unexposed flask, taken at 
4.30 p.m. on September 5, gave 1,575,860 and 1,285,388 as the num- 
bers per c.c. ; total, 2,861,248; mean, 1,430,624 per c.c., suggesting 
that the sojourn in distilled water at that temperature, even in the 
dark, causes the death of large numbers of this bacillus. 

Of two samples taken at 4.30 from the flask y (2), which had been 
exposed for six and a half hours, neither plate gave any sign of life 
after ten days' incubation, whence we may assume that neither 
sample contained a living germ. 

These two flasks were put in a cool cupboard over-night — temper- 
ature = 15° C. — and again put out on the 6th September from 9.30 
to 4.30, so that the exposed flask — y (2) — -received another good six 
hours of bright sun, for the day was brilliantly fine again. 

After the exposure, a plate was made from each flask. That from 
t] (2), the one exposed to the sun, gave no signs of life though incu- 
bated for ten days ; the other showed 560,000 per c.c. 

It seems probable, therefore, that in the case of Bacillus >/ the im- 
mersion in sterile water at 33 — 34° 0., even in the dark, is more or less 
fatal, for we see the bacteria are reduced from over a million and a 
half per c.c. to nearly half a million per c.c. At the same time it 
seems pretty clear that when exposed to light at the same time the 
mortality of the bacilli is much greater. The inference appears fair, 
but there is naturally some dissatisfaction to be felt with these 
negative results. 

The following table INT summarises these facts : — 

Table N. — Experiments on Insolation 



i 

i 

i Flask. 

i 

■ 


>i (i) 


n (2) 
v (l) 


>i (l) 


n(2) 


1(2) 

i 
i 

i 
I 
1 



When 
filled. 


Exposed 
or not. 


Sept. 5, 

10 A.M. 

35 
33 


Not 

3 '/ 

3) 



Time of exposure. 



33 
33 



33 
33 



33 



3? 



Exposed 



3) 

jS'ot 



Exposed 



10 to 4.30 on Sept. 5 



?? 



10 to 4.30 Sept. 5, 
and 

9.30 to 4.30 Sept. 6 



Hours of 
exposure 



6k 



Hours 
of sun. 



Other 
treatment. 



Plate. 



6 



3? 

* • 



6 



Covered in the 
open all da) 7 



3» 



Over and in front 
of plane mirror 

33 

Stood over-night 
at 15° 



33 



a 



nil) 
v(2) 



Pv (i) 

I rj (2) 

II n (2) 
c n i l) 

ill n (2) 



* There were 32 squares, averaging about 700 
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§ XVIII. 

On August 20, two Erlenmeyer flasks, labelled F x and F 2 , were 
charged to a depth of about an inch with sterile-distilled water with 
which a loopf ul of spores of B. anthracis had been thoroughly shaken 
up. Flask Fi was exposed with a mirror below and one behind ; F 2 
was wrapped in foil and black paper. 

The exposure was from 11.30 a.m. to 5 p.m., but it was a windy 
and cloudy day, with a good deal of rain. Just before exposure, two 
plates were made to determine the number of spores introduced per 
c.c. in tbe flask F x . One plate gave 1,950,000, and the other 
2,445,000 ; total, 4,395,000; mean, 2,197,500 per c.c. 

Two plates from F 2 gave respectively 2,052,000 and 2,280,000; 
total, 4,332,000; mean, 2,166,000. 

Or, if we take the average of the four plates, we get total = 
8,727,000 ; average of the four = 2,181,750 ; and it will be noticed 
how well the four plates agreed. 

At 5.30 p.m. two plates were made from the covered flask, and gave 
per c.c. 1,700,000 and 340,000 respectively. It was noted, however, 
that the second plate had been badly levelled, and the colonies were 
heaped up to one side, and could not be properly estimated. Taking 
the numbers as they stand, we get total = 2,040,000 ; mean = 
1,020,000 per c.c, indicating some redaction, but still enormously 
high numbers present. 

Two plates from the exposed flask F 2 , after the five and a half 
hours' insolation, gave 595,000 and 1,295,000 ; total, 1,890,000 ; mean, 
945,000. ■< 

of Bacillus y in Sterile Water. 



When 
made. 



Sept. 5, 

10 A.M. 



jj 



Sept. 5, 
4.30 



55 



55 



5) 

Sept. 6. 
4.30 

'5 



When 
examined. 



Sept. 8 



5) 



55 



55 



Sept. 15 

Sept. 9 
Sept. 16 



Time of 
incubation. 



13 ays. 
3 



5* 



)> 



55 

10 



)5 

3 



9 



Tempera- 
ture of 
incubation. 



15—18' 



.>o 



)) 



Dilution 
or not. 



per square as near as could be counted. 



1 9 



55 
55 



5' 
55 











Quantity 
used. 



c.c. 

-£g 

5 1 
5 5 

55 



55 
1 



No. of 
colonies 
on plate. 



2976 

3440 
3190 

2602 



22,400* 





No of 
bacteria 
per c.c. 



1,470,144 

1,699,360 

1,575,860 

1,285,388 



560,000 
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This seemed to show that the exposure to what was, after all, only 
diffused light, had very little effect in five and a half hours. 

Both flasks were taken in at 5.30, and put on ice for the night at 
6 p.m., and remained on ice till 11 a.m. on the 21st, i.e., seventeen 
hours in dark and on ice. They were then put out again from 
11.15 a.m. to 4 p.m., the weather being much brighter, though plenty 
of white cumulus clouds kept sweeping over the sun. 

Before putting out, two plates were made from each flask at 
11.30 a.m. on the 21st. Those from Pj (unexposed) gave 1,149,000 
and 646,000 ; total, 1,795,000 ; mean, 897,500 ; numbers very 
similar to those of the previous day, and indicating that no essen- 
tial changes had occurred on the ice — possibly a few had succumbed 
to the rapid cooling. 

The two plates from the exposed flask P 2 gave 42,000 and 
1,200,000— the last number being too high, as there were numerous 
invading forms on the plate rendering it difficult to count. Taking 
the figures as they stand we have, total, 1,242,000 ; mean, 621,000, 
which is a reduction on last night's figures. 

After exposure on the 21st, two plates were again made from 
each flask, with the following results. 

Of the two plates from the exposed flask ¥ u one gave 122,500, 
and the other 50,750 as the maximum numbers per c.c. Total, 
173,250; mean, 86,625 per c.c. 

While the unexposed flask gave 1,920,000 and 640. The last low 
number was obviously due to some blunder ; but, even if we take it 
to reduce the average, we get total, 1,920,640 ; mean, 960,320 per c.c. 

After exposure, the flasks were again put on ice at 9 p.m., and 
remained there till 12 noon next day, i.e., August 22; they had 
been at 16° C. in the interval from 4.30 p.m. to 9 p.m. 

On the 22nd a plate was taken from each flask at 2.30 to 3 p.m., 
and the Pi gave no anthrax colonies at all, though nursed for nearly 
a week. The other flask gave 990 colonies, which comes to 297,000 

per c.c. 

On the 23rd, after another seven and a half hours' exposure, 
plates were again made, one from each, and gave the following num- 
bers — the exposed flask 2 colonies, which = 720 per c.c, and shows 
that all spores were not yet killed, and the unexposed one 20 colo- 
nies, which = 6800 per c.c. 

Unfortunately we were compelled to abandon these flasks now; 
the mere labour of counting within the necessary periods the numer- 
ous plates we were making made it imperative that this series should 
be discontinued. I am now particularly sorry this was so, because 
it would have been interesting to find if, and when, the light abso- 
lutely cleared the water of spores. However, we could not foresee 
what the tabular resume brings out so clearly. (Table O.) 
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A point of great importance arises here — not for the first time, 
but very vividly. That is the gradual, and much slower, but, 
nevertheless, determined reduction of the spores, even in the dark 
flask. I am convinced that the principal factor in this is the 
changes in temperature undergone by the water, which was warmed 
up to 30° C, or thereabouts, during the day, and cooled to 4° or 
5° C, or even lower, during its stay on ice. 



The following experiment (Table P) gives an excellent example of 
how much can be done by the clear sun of a hot summer day in 
clearing the water of living spores of anthrax. 

A quantity of anthrax spores were carefully rubbed up in about 
50 c.c. of sterile-distilled water, on August 16, and the infected 
water distributed into two Erlenmeyer flasks, marked Ax and B#. 

Ax was exposed to the sun, with a mirror below and behind, from 
10 A.M. to 4 p.m., and the sun during the whole period was brilliant. 
B# was placed beside Ax, but carefully shut in an opaque wooden 
box. 

A sample plate was taken from each flask before exposure, and, 
after twenty-five and a half hours' incubation at 22 — 25° C, gave the 
following numbers. Plate from Ax = 23,000 colonies = 897,000 
per c.c, the plate beginning to liquefy. Plate from B#, after the 
same incubation, was already in an advanced stage of liquefaction, 
but we satisfied ourselves of at least 5000 visible colonies = 170,000 
per c.c. Total of the two, 1,067,000 ; mean, 533,500, as the minimum 
number per c.c. 

At 4.15 to 4.30 p.m., after six hours' bright insolation of the ex- 
posed plate, two sample plates were taken from each flask. 

Those from Ax (exposed) gave 117 and 40 colonies respectively 
as the maximum numbers we could discover after 72-J? hours' incuba- 
tion, beyond which we could not carry the process. The counting 
was done twice every day, and every colony actually marked. These 
numbers give us 4563 and 1360 per c.c. as the maximum ; total = 
5923 ; mean = 2961 per c.c. 

On the two plates from Ba? (not exposed) we found at least 5900 
and 6600 respectively, after repeated countings of all the squares. 
Moreover, these numbers were obtained in forty-eight and a half 
hours, the liquefaction being so pronounced later that we could not 
count further. We thus get a minimum of 200,600 and 228,400 per 
c.c. ; total, 429,000 ; mean, 219,500 per c.c, 

Even admitting — as of course we do — that these numbers can only 
be approximations, it is at least clear that the bactericidal power of 
the sun's rays, even on the spores in sterile water, is far more 
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Table 0. — Insolation of Anthrax 







* 


• 

O 
fl 


0> 

d 
02 


to 

d 

O 


CD 

C3 

i — 1 


CD 


H3 
<D 

d 






CO 


CD 




o 


r3 . 


ft 


T$ 


a 




\.«m 


r-t 


H 


o 


ft 


<4~l TJ 


4|J 


<3 

■a 

d 

CD 




m 

S3 

in 


i— 1 

CD 

-4-> 

d 
o 

O 


CD 


CO 
O 

ft 
M 


CD 
(D 

a 


O <D 
, m 

u o 

J ft 

fl «> 

fl 


o 

CD 

X> 

d 
d 


M 

CD 

CD 

IS 










P=l 


«r-H 

H 


fc 


fc 






Fl 


Anthrax 
spores in 
sterile dis- 


Aug. 20, 

11 A.M. 


Not 


* a 





pi 


Aug. 20, 

11 A.M. 


Aug. 24, 

9 A.M. 




■ 


tilled "wa- 
ter i in. 
deep 


















Fl 


33 


33 


>3 


« ><■ 





P2 


' 33 


Aug. 23, 

10 A.M. 




F2 


S3 


13 


33 


• « 





P 3 


Aug. 20, 
11.30 A.M. 


Aug. 23, 

11 A.M. 




: F2 


33 


33 


3» 


e » 





P4 


33 


33 




Fl 


33 


3} 


Exposed 


Aug. 20, 

11.30 A.M. 

— 5 P.M. 


5i 


i o 


Aug. 20, 
5.30 p.m. 


Aug. 25, 

11.30 A.M. 




)> 


3 3 


33 


33 


33 


33 


P 6 


33 


Aug. 25, 




















12 noon 




F2 


J) 


33 


Not 


« # 





P7 


33 


3J 




33 


33 


53 


33 


• * 





P8 


33 


Aug. 25, 
12.30 p.m. 






33 


33 


Exposed 


Aug. 20, 

11.30 A.M. 
5 P.M. 


jc,jl 


jtr t/ 


Aug. 21, 

11.30 A.M. 


Aug. 24, 
12 noon 




33 


33 


3' 


;3 


3? 


33 


P 10 


33 


Aug. 27, 

11 A.M. 




F2 


3? 


33 


Not 


# # 





p 11 


33 


Aug. 26, 

8 A.M. 




)) 


33 


?3 


33 


. . 





P12 


33 


Aug. 25, 

1 P.M. 




Fl 


33 


33 


Exposed 


Aug. 20, 

11.30 A.M. 

5 P.M. ; Aug. 

JjLy XX, Xo 

A.M.' — 4 P.M. 


10i 


P 13 


Aug. 21, 
5.15 p.m. 


Aug. 27, 
11.30 A.M. 




» 


33 


3 3 


33 


33 


33 


P14 


33 


Aug. 27, 
12 noon 




F2 


53 


31 


Not 


a • 





P 15 


Aug. 21, 
5,30 p.m. 


Aug. 26, 

7 A.M. 




33 


33 


33 


33 


» * 





P 16 


33 


Aug. 28, 

11 AM. 





Report on the Bacteriology of Water. 



363 



Spores in Distilled Water. 





Hours of incuba- 
tion. 


Temperature of 
incubation. 


Number of 

colonies on 

plate. 


d 

O h. 

** 2 

g-fi 

03 


Remarks. 


"Weather. 




94 
71 
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18—20° 


5000 
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6000 
5700 


1,950,000 

2,340,000 
2,160,000 
2,052,000 


1 c.c. of water from the 
flask diluted to 10 c.c. 
with sterile distilled 
water, and the plate 
made from a drop of 
the mixture. 
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115 


>> 
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3700 


1,700,000 

340,000 
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1,295,000 


Badly levelled plate ; 
anthrax colonies all 
up at one side. 


Cloud all. the time, 
and a good deal of 
rain. 
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1161 
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3350 

1900 

140 
4000 


1,149,000 

646,000 

42,000 
1,200,000 


Two liquefying, twenty- 
five large anthrax, and 
possibly very many 
smaller, very numer- 
ous small colonies 
round the edge. Di- 
luted 

Diluted. Mne moulds 
and four other foreign 
forms. 

Diluted. 

Diluted 


Flask had been 
placed on ice over- 
night, 6 p.m. to 11 

A.M. 

» 
i) 

Numerous intruders. 

i 




138i 

138| 
1091 
1611 




353 

145 

6000 

2 


122,500 

50,750 
Total 
1,920,000 

640 


Diluted. One mould, 
forty-two (?) anthrax 

Diluted. 
Diluted. 
Diluted 


1 
Clear sunshine, with 
clouds occasionally. 
About three hours 
sua. 

This plate is so ab- 
normal that there 
was obviously some 
blunder. 
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energetic than has been commonly supposed, and the results also 
suggest tli at some spores die off very quickly, even in the dark, when 
put into sterile water — a fact long known. 

On August 18, we started a similar experiment to the last, using 
Thames water, freshly collected, instead of sterilised distilled water ; 
but this had to be abandoned owing to the difficulties with the 
rapidly-developing liquefying forms at the temperatures necessary 
for growing the anthrax. There was nothing in the results to con- 
tradict previous experience, but the details are of little value. 

§ XX. 

On October 6 I exposed a tube of broth, infected with a loopful 
of colonies ft — from gelatine stab-culture — from 9 A.M. to 4 p.m. 
(seven hours), over a mirror, to the sun ; the sky was clear, and sun 
bright till about 1 p.m., and then duller. An exactly similar tube was 
wrapped in foil and black paper, and placed by the side of the above. 

At 4 p.m. a plate was made from each tube, ami incubated at 
15° 0. ; a stab-culture from each was also made and kept at 15° C, 
and the original tubes were placed at 20 — 22° 0. 

Taking the plates first. In forty hours the plate from unexposed 
tube showed numerous colonies, from 0*5 mm. to 1 mm. diameter, 
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and quite visible to the unaided eye, the larger ones opening out 
and swarming vigorously as liquefaction began. A greenish shim- 
mer showed where tbe colonies were very dense. In sixty-four hours 
the colonies were running together, and liquefying rapidly, and in 
eighty-six hours the whole gelatine was liquid and watery. 

The plate from the insolated tube, treated in exactly the same 
way, showed no trace of colonies in forty hours, and only one or two 
minute colonies, invisible to the unaided eye, could be detected under 
the microscope in sixty-four hours. Even after seven days the 
morula-like, dense, granular colonies only showed traces of opening 
out and the first beginnings of liquefaction. 

Of the stab- cultures, that from the covered tube showed the 
beginnings of growth in forty hours, and had formed a thistle-head 
funnel of liquefaction in sixty-four hours, which rapidly extended 
in eighty-eight hours. 

That from the insolated tube, on the contrary, showed no trace 
of growth in forty hours, or even in sixty-four hours to eighty-eight 
hours. 

Of course it may be objected that the difference here was entirely 
due to the stab-infection having carried in so few living gdrms in 
the latter case ; but to this it must be replied, that the plates show 
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clearly that the individual colonies are weakened by the light-action, 
and the results with the original tubes (given below) may also be 
consulted. 

Turning now to the original broth cultures, placed at 20 — 22° 0. 
In eighteen hours the darkened tube was distinctly turbid, whereas 
that exposed to the sun was perfectly clear; and the same was the 
case at the end of forty hours. In sixty-four hours both tubes 
were turbid, but the exposed one far less so than the other. Later 
on it was impossible to distinguish between them. 

It seems to me impossible to avoid the conclusion that the light- 
action so weakens the metabolism of the insolated cells that they 
grow and divide more slowly, and dissolve the gelatine more feebly, 
and possibly this weakening effect is transmitted to the cells to 
which they give rise by division. As time passes, however, the cells 
gradually recover their vigour in the dark, and where plenty of food 
material is accessible. 

That this latter statement is true the following experiment 
proves : — -On October 18 I took the two broth-tubes of Colony /3, 
referred to above, both of which had been in the dark, side by 
side, since October 6. Broth-tubes were exactly similar at the 
beginning, as we have seen, but one of them had been exposed, on 
October 6, for seven hours to the sunlight. 

On making stab-cultures from these tubes, no difference could be 
detected between their behaviour, both began to liquefy the gelatine 
in forty-eight hours in the typical, thistle-head funnel form. 

This seems to show clearly, also, that the broth has not been in- 
jured as a medium for culture by its exposure to light. 

In order to meet the objection that the above results were due 
to the using of broth-cultures, I repeated them as follows on 
October 10 : — 

Two tubes of sterile water, infected from the turbid broth-culture 
kept in the dark since October 6, were suspended, as already de- 
scribed — one exposed over a mirror to the bright direct sunlight from 
10 a.m. to 2 p.m., the other wrapped up, and placed beside it. At 
2 p.m. plates and stab-cultures were made from each tube. 

The .results were the same as before. The plates from the unex- 
posed tubes showed numerous liquefying colonies in forty-eight hours, 
and were completely liquefied on the third day ; the plates from the 
insolated tube showed only very few colonies, and these not till the 
third day, and they were denser, more granular, and without any 
signs of liquefaction for several days. To take a concrete case : a 
plate made with 1 drop (1/30 c.c.) from the dark tube showed about 
5000 colonies in forty-eight hours, and these were already beginning 
to run ; the whole of the gelatine was liquefied in another twenty- 
four hours j the corresponding plate made with 1 drop (1/24 c.c.) 
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from the insolated tube showed three colonies only on the third day ? 
and these were very small, more densely granular, and irregular in 
outline than the normal colonies, and showed no traces of lique- 
faction even on the fourth day. On the fifth day the liquefaction 
was beginning, but even after fourteen days one of the three colo- 
nies was only just breaking up. 

The stab-cultures gave similar results. Those from the darkened 
tube showed a distinct thistle-head funnel of liquefaction in three 
days, whereas the feeblest signs that infection had really occurred 
were all I could get in the same time from the insolated cultures. 

Here, again, however, the two sets of tubes gradually become 
alike, evidently because the at first enfeebled cells gradually re- 
gain their vigour, and once more rapidly peptonise the medium. 

The experiments with water were repeated on October 12, all the 
arrangements being as before. 

The exposed tube was out from 9 a.m. to 3 p.m. in brilliant sun- 
shine the whole time practically. 

After three hours' exposure, a plate was made. That from the 
dark tube showed colonies, visible only under the microscope, in 
nineteen hours, and in two days the whole of the gelatine was 
liquid like water. 

The plate from the lighted tube showed no signs until the third 
day; on the fourth day six colonies had made their appearance, but 
these only began to soften the gelatine around some days later, and 
even on the twelfth day two of the six colonies were still circular 
depressions, though the other four had liquefied the gelatine some 
distance round. 

After six hours' exposure, further plates were made from the above 
tubes on October 12. 

As before, colonies were visible with the lens on the plate made 
from the dark tube in sixteen hours, and before the end of the second 
day the whole of the gelatine was liquefied like water* 

On the plate from the light tube Hve slowly-developing colonies 
had appeared by the fourth day, one of which showed feeble signs of 
liquefaction next day. But even after twelve days only , three of 
these colonies were vigorously liquefying the gelatine, the other two 
being still compact and circular, though one of them lay in a slight 
depression. 

Stab-cultures w^ere also made at the end of the six hours' exposure 
on October 12, with the results as before. In the case of the culture 
from the dark tube, the funnel of liquefaction had reached the walls 
of the tube, and liquefied one-eighth of an inch of gelatine in four 
days, whereas that from the lighted tube, in the same period and 
side by side, had not even begun to liquefy the gelatine ? though the 
infection had taken. 
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I also, at the end of the experiment on October 12, cautiously 
emptied each of the water tubes, and drained it until only a drop 
remained, and then filled up with sterile broth. After sixteen hours 
the dark tube was distinctly turbid, whereas no trace of turbidity 
appeared in the insolated one till after forty-eight hours. Both were 
equally turbid on the fourth day. 

Of course I recognise that this last result, and that obtained with 
the stab- cultures, is attributable to the numbers of still living germs 
added to the gelatine and broth respectively, and the experiments 
only go to prove once more, but in a very decisive manner, w T hat 
mortality the sun had occasioned in the exposed tube — for we must 
remember, each tube contained practically the same enormous num- 
bers at the start. 



§-\r"V"T 
.A.,A-J_. 

On October 6 a loopful of a markedly liquefying form, marked 
in my notes as colony 0, was placed in each of two tubes of broth, and 
placed in the sun from 9 a.m. to 4 p.m. One tube was exposed over a 
mirror, the other side by side, bat wrapped in foil and black paper. 
The sun shone brightly from 9 to 1, and then was obscured by clouds. 

At 4 p.m. a plate and a stab-culture from each tube were made, and 
the tubes put at 20° to 22° 0. in the dark incubator. The plate and 
stab-cultures were put at 15° C. in the dark. 

Taking the broth tubes first. Both were already turbid in eighteen 
hours, more densely so after forty hours, so that no difference between 
them could be detected. 

Of the stab-cultures, that from the dark tube had taken in forty 
hours, while the one from the lighted tube showed no signs. 

In sixty-four hours the non-illuminated culture had developed a 
thistle-head liquefaction funnel, whereas no trace was visible in the 
other. In eighty-eight hours the liquefaction had proceeded rapidly 
in the former tube ; only one feeble colony was visible in the tube 
from the insolated broth. In the course of a week or so r o further 
difference could be made out. 

With regard to the plates. That from the insolated tube showed 
no trace until sixty-four hours had passed, when two or three colonies 
} to f mm. diameter were seen. In eighty-six hours these were 
somewhat like young anthrax colonies, each with a slight depression. 
On the sixth day liquefaction of the gelatine was slowly evincing 
itself. 

The plate from the dark tube showed evident colonies, f to ^, and 
even 1 mm. in diameter, in forty hours ; and in sixty- four hours they 
averaged 2 to 5 mm. in diameter, and were liquefying rapidly. 
These circular colonies were less rapid than those of colony j3 at tho 
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same time, however, and whiter in colour. In eighty- eight hours the 
whole of the gelatine was completely liquefied. 



§ XXII. 

On October 30 about 200 c.c. of sterilised Thames water were 
strongly infected with the bacillus called B. arborescens by Frank- 
land, taken from a vigorous culture. 

The infected liquid was divided equally into two Erlenmeyer 
flasks, one of which was at once wrapped in tin-foil and black paper. 
The other was supported above a plane mirror, and placed so as to 
obtain the maxim am amount of direct sunshine available from 10 a.m. 
to 5 p.m. that day; from 10 to 1 the sunshine was hot and bright, 
and a control flask showed that the water rose to nearly 20° C, but 
the afternoon was dull and cloudy, and the temperature fell to 12° C. 
The temperature in the covered flask, placed side by side with the 
exposed one, rose and fell so nearly exactly with that of the latter, 
that no stress can be laid on the difference. 

Before commencing the experiment at 10 A.M., sample plates were 
made of the infected water; and at 5 p.m. two plates were made from 
each flask — exposed and unexposed. 

The plates from the freshly infected material showed the usual 
rapidly growing, loose, thread-like colonies in forty-eight hours, and 
in three days the gelatine was entirely liquefied to a watery fluid. 

The plates from the flask, wrapped in foil and paper, and sheltered 
from the direct rays of the sun, behaved similarly, the colonies being 
a trifle more compact in shape, but equally rapid in liquefying the 
gelatine completely. 

But the plates from the exposed flask differed from the first 
onwards from those not insolated. Thus no colonies were visible in 
forty-eight hours, a period during which the plates from the un- 
exposed flasks exhibited numerous typical colonies; the colonies 
appeared here twenty-four hours later, clearly showing the effects of 
inhibition due to the light. 

Secondly, when the colonies did make their appearance they were 
more compact, and instead of shooting out in all directions and 
covering the plate with a meshwork of fine branches, rapidly lique- 
fying the gelatine, as in the case of the unexposed specimens, the 
mode of growth was so affected that on the fourth day they had 
developed into beautifully circular yellowish colonies, zoned, and 
radially striated, and only just softening the gelatine. It was not, 
indeed, till the sixth day that liquefaction set in generally. 

I explain the differences as follows. The light retards the growth 
of the living bacilli, owing to some action on their protoplasm which 
induces interference with the metabolic processes on which growth 
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depends ; this causes the cell-chains to be so modified in length, 

direction, and rapidity of development, that the colony formed from 

the insolated germ is weaker and more condensed, or compact, than 

normally. Thus result the differences in the naked eye characters of 

the colonies, which may go so far that the total aspect on the gelatine 

plate is altered. 

Some clue to the action may perhaps be got eventually by following 

up the fact that one consequence of the light action is to weaken the 

enzyme action of the bacterium — for the enfeebled liquefying power 

is an expression of enfeebled enzyme power — either by so altering the 

protoplasmic machinery that less enzyme is secreted, or by so acting 

on the enzyme that its power of converting the medium is altered. 

The lessened enzyme power of course implies less power to obtain its 

food from the medium, and so the progeny developed from the germ 

started with are also feebler than the normal one. 

In the cases quoted, however, the colony gradually becomes more 
normal as regards its enzyme power, especially in the dark, because 
the successively developed new cells become stronger and stronger as 
they are fed by the nutrient gelatine, and at last the differences are 
equalised. 

The only source of error in the above conclusion that I could think 
of, was the possibility that the rapid running of the colonies into 
thin filaments in the first case is facilitated by the quicker liquefac- 
tion of the gelatine, and that this liquefaction is, in turn, more rapid, 
because there are so many more colonies per drop in the unexposed 
flasks, because the majority of the bacilli in the exposed flasks are 
killed. 

I accordingly made plates in which I diluted the samples from the 
unexposed flasks five, ten, and even twenty times as much as the 
samples from the exposed flasks, and so brought the numbers of 
colonies on each plate approximately equal. Of course it may be 
replied here that the differences of dilution may bring about diffe- 
rences in development ; but experience shows that increased dilution 
tends to inhibition of colonies, and so I think the fact that I still get 
the differences in the colonies already described, strengthens rather 
than weakens the evidence that the alteration in the character of the 
colonies from exposed flasks is really due to the action of the light. 

On November 7, which turned out a beautifully fine day, with 
clear blue sky and bright sun, tubes of sterile distilled water were 
infected with cultures of a yellow bacillus marked *, a large white 
one marked <J>, and a violet bacillus, common in the Thames. In each 
case, two similar tubes were prepared, exactly alike, one of which was 
exposed over a mirror, from 10.30 A.M. to 3.30 p.m. ; while the other 
was wrapped in foil and black paper, and placed by the side of the ex- 
posed one. The temperature recorded in control tubes was 10 — 12° 0. 
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At 4 p.m., after five hours' exposure, plates were made, and 
incubated at 15° 0. 

Taking- the violet bacillus first. Nothing appeared on either of the 
two plates made from the exposed tubes, although they were kept till 
November 24, i.e., seventeen days. On the plate made from the 
dark tube, two white colonies were visible in forty-eight hours, and 
on the 13th — i.e., after six days — three colonies were seen. These 
remained white until December 1, when one of them began to show 
the violet line. On December 6 this was more pronounced. 

The experiment, therefore, showed negative results only, and I 
regard it as probable that the mere immersion in water injures the 
bacillus. On the other hand, it is possible I did not use sufficient 
material in making the plates. 

Thus the plates of exposed tube = l/28th c.c. of 7/28 dilution, and 
that of dark one = l/27th c.c. of 1/27 dilution, thus giving only 
2187 per c.c. even in the unexposed tube, making it probable that the 
last suggestion is the right one. 

Now, as regards the yellow bacillus, Colony *. Of the two plates 
made from the insolated tube, one was contaminated, and yielded no 
results, except that plenty of colonies appeared ; the other failed 
utterly. The plate from the dark tube showed innumerable typical 
colonies, and was completely liquefied on the fourth day. 

The experiments consequently must be regarded as negative. 

The plates of Colony <j) behaved as follows. That from the dark 
tube gave a typical series of colonies — about 500 = 500 X 28 X 28 = 
392,000 per c.c, softening the gelatine in two days. 

That from the lighted tube gave far fewer — about 100 x 25 x 5 = 
12,500 per c.c. — colonies, and these smaller, showing evident retard- 
ation ; otherwise no results. 

On November 12 the above experiment was repeated with Colony *, 
Colony ff, and the rosy-red bacillus S, exactly as before. The day 
was cold and bright, though some haze appeared after 1 p.m. Ex- 
posure 10.30 to 3.30 as before, and thermometers = 10 — 12° C. 

The plates of Colony * behaved as follows. That from the dark 
tube was liquefied by numerous colonies, which appeared on the 
second day. On the fourth day all the gelatine was liquefied. 

The plates (two) made from the insolated tube only showed slight 
retardation, and liquefied also on the fourth day, though more slowly. 

No difference between illuminated and dark tubes could be made 
out in the case of Colony %, except slight retardation on the plates 
from the former. 

The results with Colony 8 were still more indecisive, and I could 
not draw any conclusions as to distinct light action. 

It appears probable that considerable differences will be found 
between the various forms in this respect. 
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§_V""VTTT 

In the following tables I give the determinations o£ the numbers 
of all bacteria found in three series of analyses of samples of Thames 
water in August, October, and December, 1893. As will be seen, 
they confirm the results of other observers, in so far that they show 
that the number per c.c. is considerably greater in winter than in 
summer. 

There is nothing special to note as regards the methods employed, 
which were those ordinarily in use, beyond the fact that we counted 
every colony on each plate, instead of estimating the averages from a 
few squares. 

The greatest care was taken to have the gelatine made up exactly 
alike in every case ; further information as to details is supplied by 
the tables. 
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Diagram I. — Curves of Table Q, showing total bacteria at 12 — 15° C. and 
15 — 18° C. in August. Abscissae — hours of incubation of plates ; ordinates — 
numbers of colonies per 1 c.c. 
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Diagram II. — Curves of Table Q,> showing total bacteria at 16 — 18° 0. in August. 
Abscissae = hours of incubation of plates ; ordinates ~ numbers of colonies 
of bacteria per 1 c.c 9 
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Quantitative Analysis of Thames Water in August, 1893 (Table Q). 

If we analyse these August numbers, we get as the average of 

14 two-days' plates, 1157 ; of 24 three-days' plates, we have 1530 ; of 

15 four-days' plates, we have 2208; of 8 five-days' plates, we get 
3575 ; and of 8 six-days' plates, we have 3037, as the approximate 
averages. Of course these numbers can only be regarded as approxi- 
mations, but I think they are of use as indicating what might be 
looked for if the necessary large series of observations could be made 
over several years ; and they certainly serve to put us on our guard 
against placing too much confidence in the gelatine method unless a 
great number of observations are made, extending over a long period. 
Of course the great difficulty to be contended against is that of 
keeping the plates long enough ; if only one badly liquefying form is 
present, it ruins the plates before the slowly developing ones germi- 
nate out. 

Quantitative Analysis of Thames Water in October, 1893 (Table 22). 

The following table gives the details of the analysis for October, 
and again I have recorded all the points. The chief feature ot 
interest is the much longer time during which the plates could be 
cultivated, in spite of the prevalence of liquefying forms, where care 
was taken to dilute sufficiently. 
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Quantitative Analysis of Thames Water in December. 

On December 27, 1893, a cloudy and misty cold morning following 
on a series of bright sunny cold days, a sample of Thames water was 
taken at 11 A.M., and immediately conveyed to tbe laboratory, and 
plates made as follows. Tbe water on collection was at nearly 
8° C. 

Twenty- two plates in all were made, of which twelve were in- 
cubated at 8 — 12° 0., the temperature of the laboratory, and ten at 
18 — 20° C. in the incubator. There were a good many changes of 
temperature from day to day in the case of the former, though but 
slight and slow alterations in the latter case. 

The following tables give the results of the plate cultures, every 
colony visible with the hand lens being counted each day as before ; 
and this time the low temperature cultures were continued for 
240 hours (ten days), in order to see how far the numbers would 
eventually approximate to those of the higher temperature plates. 

An innovation was made in the case of the plates marked R 1 R 2 > 
SiS 2 , T L T 2 . Here I used 1 drop of the Thames water between each 
pair of plates. The drop was allowed to fall as usual into the tube 
of gelatine, then a second tube of sterile gelatine emptied into the 
infected tube ; then the contents were distributed rapidly into two 
plates, the countings of which must be taken together as is done in 
the table. It is noteworthy how much higher the final numbers are 
in these plates as compared with others, no doubt chiefly owing to 
the more complete separation of the bacteria from which the colonies 
arise, and to their having more space to develope in. 
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In the following plates I have plotted the curves obtained from the 
means of the foregoing illustrative series of analyses. They bring 
out very clearly the differences in numbers referred to, and I am 
strongly of opinion that much valuable information would result 
from a systematic series of monthly analyses of the Thames water 
conducted along these lines. 

I by no means pretend that the numbers themselves are of abso- 
lute value, any more than are those obtained by the ordinary 
methods of counting averages ; but I do think that the selected cases 
suggest possible lines of departure for the systematic bacteriological 
analysis of such a river as the Thames, if a sufficient number of other 
data were taken in at the same time. These data should include at 
least the following : (1) the temperature of the river, (2) the amount 
of sunshine, (3) the organic analysis of the water, (4) the rainfall. 

I am perfectly alive to the incompleteness of the above analyses in 
these respects, and they are only intended to show what I think 
should be done by a competent staff: of assistants, if any attempt is 
made at a thorough investigation of the bacteriology of the Thames 3 
and the same applies to any other water. 

The particular object of the above analyses was to test the view 
that the actual number of bacteria present in winter is less than that 
in summer, and they strongly confirm that ; and if we remember that 
this was so in 1893 in spite of (1) the river being lower in August, 
and therefore more concentrated as a food liquid, (2) the temperature 
being higher, and therefore more favourable to bacterial growth, it 
seems at least highly probable that the diminution in the bacteria is 
largely due to the increased insolation,. 

ISTor is this all (though I defer the fuller consideration of this 
point) that my analyses suggest. I find very distinct evidence that 
the bacteria in the summer water are many of them enfeebled forms, 
suggesting a distinct inhibition or weakening of their powers of 
growth. In some cases it is certain that forms obtained in August, 
and which afterwards turned out to be identical with forms found in 
the winter, at first grew so feebly that their characters on the plates 
led one to put them down as distinct species or varieties, 

I have given some experimental evidence bearing on this, and 
going to prove that it is due to the action of light on these forms. 
The matter is a very complex one, and I must refrain from further 
discussion of it until all the forms isolated during the year are worked 
out ; but it is worth while, I think, to draw the attention of investi- 
gators to the matter. In one or two cases, at least, there is no 
question that exposure to light does so affect the germination and 
growth of the bacteria, that the resulting colonies depart widely 
from the normal in many of their characters. 

I have in hand a large number of experimental results obtained 
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from the detailed investigation of a single species and the measure- 
ment of the growth of a single filament (watched continuously under 
the microscope) under different conditions of exposure ; they have 
been incidentally referred to in my lecture at the Hoyal Institution, 
in May, 1894, and I shall hope to bring them before the Hoyal Society 
shortly. They prove still more conclusively at least the main point, 
that exposure to sunlight does materially affect the rate aud manner 
of growth, &e., of a bacterium rodlet or filament, as well as the 
germinal power of the spores. 

As regards further details on the action of light on the spores and 
bacilli, I may refer the Committee to my memoir, now in the hands 
of the Royal Society, an abstract of which appeared in the * Pro- 
ceedings,* vol. 54, p. 472. 
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DIAGRAM TV. — Curves of Table S, showing total number of bacteria at 10 — 12° 
and 18 — 20° C. in December. Abscise «- hours of incubation j ordinates — 
numbers of bacteria per 1 c.c. 
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PABT II. 

" The Behaviour of the Typhoid Bacillus and of the Bacillus 
Goli Communis in Potable Water." By Percy FRANKLAND, 
Ph.D., B.Sc. (Lond.), F.R.S., Professor of Chemistry in 
Mason College, Birmingham, assisted by J. R. Appleyard, 

F.C.S. 

It has already been pointed out in the previous Reports that the 
only two zymotic diseases which have been conclusively proved to be 
communicable, and frequently communicated by drinking water, are 
Asiatic cholera and typhoid fever. The behaviour in water of the 
particular micro-organisms which are almost universally credited 
with the power of exciting these specific maladies is obviously, there- 
fore, one of the most interesting and important questions in the 
whole domain of the hygiene of water supply. 

Inasmuch as Asiatic cholera is, fortunately, only an occasional 
visitor of these islands, or, indeed, of the continent of Europe, the 
investigation of this question with regard to this disease is certainly 
of less immediate consequence than is its investigation with regard 
to typhoid fever, which we have always with us, and which claims 
such a large number of victims annually from amongst our popula- 
tion. 

In the present Report I have, therefore, endeavoured on the one 
hand to summarise briefly what has already been done by others 
towards the elucidation of this subject of the behaviour of the 
typhoid bacillus in water, whilst on the other hand I have recorded 
those experiments which I have myself conducted with a view to 
extending the knowledge of this matter in general, and in respect 
to the conditions of water-supply pertaining to this country in par- 
ticular. 

Our information concerning the behaviour of the typhoid bacillus 
in water is of essentially two different kinds ; firstly, this bacillus 
has on a number of occasions been discovered with more or less 
certainty in waters which were actually being used for domestic pur- 
poses, and to which it had therefore gained access unintentionally 
and in the natural course of events ; secondly, the bacillus has been 
purposely introduced into various waters in which its subsequent fate 
has then been traced by experimental observation. It will be con- 
venient to consider these two different kinds of information separately. 

vol. lvi. 2 E 
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i. Discovery of the Typhoid Bacillus in Natural Waters. 

Inasmuch as the communieability of typhoid fever by drinking 
water has been long recognised as a cardinal principle of modern 
hygiene, it was only natural that the discovery of the specific 
micro-organism of this disease "by Eberfch should have "been soon 
followed by strenuous efforts to discover the Eberth -bacillus in 
potable water; it was not until about six years afterwards, however,, 
that successful attempts in this direction were announced. 

The first investigator who claimed to have discovered Eberth- 
Gaffky's bacillus in water was Moers (" Die Brunn en der Stadt Miihl- 
heim a. Hhein vom bakteriologischem Standpunkte aus betrachtet/ 9 
' Erganzungsh, zum Centralblatt f . allgern. Gesundheitspflege/ vol. ii» 
1886, p. 144), who isolated the bacillus from, a contaminated well 
supplying- drinking water to a number of people amongst whom 
many cases of typhoid fever had occurred. 

This discovery was soon followed by a similar announcement from 
Michael ("Typhusbacillen im Trinkwasser/' * Fortschritte d. Medicin/ 
vol. iv, 1888, p. 353) , in Dresden, who claimed to have isolated the 
bacillus from a well-water which was suspected of being* the source of 
an outbreak of typhoid which declared itself at the end. of the year 
1885. 

Dreyfus-Brisac and Widal (" Epidemie de Eamille de Pievre 
typhoide/' ' Gaz. hebdom./ 1886, ~No. 45) again detected the bacilli in 
the polluted water of a well at Menilmontant, where typhoid fever 
had been prevalent for some months, 

The typhoid bacillus has repeatedly been found in the water of the 
river Seine, thus Chantemesse and Widal ('Gaz. hebdom. de Med. et 
de Ohirurg./ 1887, pp. 146—150 ; ' Ceutralbl. f. Bakteriol./ vol. i, 1887 ? 
p. 682) discovered the bacillus no less than three times in this water 
during an outbreak of typhoid in Paris. Thoinot ('La Semaine 
Medicate/ 1887, No. 14, p. 135 ; 'Centralbl. f. Bakteriol./ vol. ii 5 1887, 
p. 39) also isolated typhoid bacilli from the Seine at Ivry, at a dis- 
tance of but little more than twenty yards from the point where the 
water is abstracted for the occasional supply of Paris with drinking- 
water. Again, Loir ("Recherche du Bacille typhique dans les Eaux 
d' Alimentation de la Yille de Paris," 'Annales de 1'Institut Pasteur/ 
vol. i, p. 488) detected the typhoid bacillus in Seine water which was 
actually being distributed to a portion of Paris during the summer 
of 1887, owing to the scarcity of the Vanne water, which yields the 
supply under ordinary circumstances. Vincent ("Presence du Bacille 
typhique dans l'Eau de Seine pendant le Mois de Juillet, 1890/ J 
'Annales de 1'lnstitut Pasteur,' vol. iv, p. 772) again found the 
typhoid bacillus in the Seine water which was being similarly sup- 
plied to Paris during the summer of 1890. 
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Beumer (" Zur Aetiologie d. Typhus abdominalis," * Deutsche 
medicinische Wochenschrift,' 1887, E~o. 28) was ab]e to detect the 
typhoid bacillus in a well-water used for drinking purposes in a 
country place near Greifswald, where an outbreak of typhoid had 
occurred. 

A similar discovery of the bacillus was made by Brouardel and 
Ohanternesse ("Enqueue sur les Causes de 1'Epidemie de Fievre 
typho'ide qui a regne a Clermont-Ferrand," ' Annales d'Hygiene 
publique et de Medecine legale,' vol. xvii, 1887, pp. 385—403 ; also 
' Bevue d'Hygiene,' vol. ix, p. 368) in the course of an investiga- 
tion of an epidemic of typhoid which prevailed at Clermont-Ferrand, 
and in which neighbouring places using the same water supply were 
also involved. 

Finkelnburg (" Ueber einen Befund von Typhusbacillen im Brun- 
nenwasser," ' Centralbl. f. Bakteriol.,' vol. ix, p. 301) states that he 
isolated the typhoid bacillus from a well which had in all probability 
been contaminated with typhoid dejecta. 

Henrij ean (" Contribution a l'Btude du Bole etiologique de 
1'Eau potable dans les Epidemies de Typhus," ' Annales de Micro- 
graphie,' vol. ii, p. 401) found typhoid bacilli in the drinking water of 
a Belgian village during an epidemic of typhoid fever. 

Kamen (" Zum ISTachweise der Typhusbacillen im Trinkwasser," 
' Centralbl. f. Bakteriol.,' vol. xi, p. 32) detected typhoid bacilli in 
water supplying a Russian military garrison, amongst whom typhoid 
fever had broken out. 

Pere ("Contribution a 1'Etude des Eaux d' Alger," 'Annales de 
rinstitut Pasteur,' vol. v, p. 79) states that he was able to isolate 
the typhoid bacillus from drinking water in Algiers, where typhoid is 
endemic, occurring every year during the months of August, Septem- 
ber, and October. 

Martin states (" Presence du Bacille typhique dans les Eaux 
d'Alimentation de la Ville de Bordeaux," ' Bevue sanit. de la Pro- 
vince,' 1891, No. 181, p. 93; 'Centralbl. f. Bakteriol, vol. xi, 1892, 
p. 413) that the typhoid bacillus was found by Ponchet in the public 
water supply of Bordeaux during an outbreak of typhoid in that 
city. 

Fodor ("Die Beziehungen des Typhus zum Trinkwasser," ' Cen- 
tralbl. f. Bakteriol.,' vol. xi, 1892, p. 121), in a paper read at the 
International Hygienic Congress held in London in 1891, describes 
an outbreak of typhoid fever at Budapest, during which he succeeded 
in detecting the typhoid bacillus no less than five times in the public 
water-supply. It was afterwards ascertained that the waste water 
from a laundry attached to the hospital gained direct access to the 
principal water main in the town. 

Kowalski (" Ueber baktsriologische Wasseruntersuchungen," 

2 e 2 
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* Wiener klinische Wochenschrift/ 1888; ' Centralbl. f. BakterioU 
vol. iv, 1888, p. 467) states tliat out of 2000 samples of water which 
he had examined bacteriologically, there were only fire in which he 
was able to detect typhoid bacilli. 

From the above it will be seen that many investigators, since the 
year 1886, claim to have discovered the typhoid bacillus in potable 
waters, but, in the majority of cases, these discoveries, especially the 
earlier ones, must be accepted with considerable reserve, as, until 
recently, it was customary to rely for the identification of the typhoid 
bacillus on altogether insufficient data, as it only gradually became 
understood that there are several other forms presenting the closest 
points of resemblance in their morphological characters, both micro 
and macroscopic, to the typhoid bacillus, with which they are not 
unfrequently associated, and, moreover, some of these simulatory 
forms are of very frequent occurrence in natural waters. Indeed, even 
at the present day, the identification of particular forms or u species " 
of bacteria is in a transitional and highly unsatisfactory state, as it is 
daily becoming clearer that the characters, both morphological and 
physiological, of one and the same micro-organism are often liable to 
the profound est modifications through changes of environment and 
other causes, whilst there are almost daily being discovered in nature 
new forms which differ only from already w ell-known forms or 
" species " in what appear to be the most minute, trifling, and insig- 
nificant particulars. 

Under these circumstances, it is practically certain that some of 
the bacilli discovered in water, and believed to have been typhoid 
bacilli, must, in reality, have been only forms closely simulating the 
more striking characters of the typhoid bacillus. On the other hand, 
it is equally certain that a great many waters which have been sub- 
mitted to examination for typhoid bacilli may have contained them 
without their being discovered, for, as will be pointed out later, the 
ordinary method pursued in the bacteriological examination of water, 
in which a few drops, or at most a cubic centimetre or two, of the 
water is submitted to plate cultivation, can only, under the most 
exceptional circumstances, lead to the detection of typhoid bacilli. 

Thus, whilst there is considerable evidence that the typhoid bacilli 
have been found on a number of occasions in waters which had been 
convicted of distributing typhoid amongst their consumers, the 
failure to discover these bacilli in other waters equally guilty need 
excite no surprise when the very imperfect methods of examination 
which are commonly employed for their discovery are taken into 
consideration. 

In connection with the above discoveries of typhoid bacilli in pot- 
able water, I will only at this stage further remark that, in by far 
the majority of cases, the waters accused of containing these bacilli 
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were well waters, and, as is well known, it is just this kind of water 
which, has most frequently been conclusively convicted of distribut- 
ing typhoid fever. 

The above discoveries of the typhoid bacillus in natural waters 
have, in almost all cases, been made not by means of the ordinary 
method of plate cultivation, which affords little or no chance of a few 
typhoid bacilli being discovered amongst a host of common water 
bacteria, the colonies of which generally grow with great rapidity 
and not unfrequently cause rapid liquefaction of the gelatine, but by 
special methods of treatment which have been devised to oppose the 
proliferation of the water bacteria whilst not materially interfering 
with the growth and multiplication of the tvphoid bacilli, the latter 
thus acquiring a large numerical preponderance, if not entirely 
excluding the other forms present in the water. 

Unfortunately, these conditions which foster the growth of the 
typhoid bacillus to the exclusion of the ordinary water bacteria are 
equally propitious to other microbes which are invariably associated 
with the typhoid bacillus, and which, in fact, resemble it so closely, 
especially in morphological characters, that they may easily be mis- 
taken for the typhoid bacillus, and it is this circumstance which 
causes so much doubt to attach more especially to the earlier of those 
alleged discoveries of the typhoid bacillus in potable water which are 
recorded above. 

The particular micro-organism, which is especially liable to cause 
confusion in this respect, is the so-called Bacillus coli communis. This 
organism was described by Escherich, and is found regularly in the 
human intestinal tract and fasces, as well as in the excreta of other 
animals. It is regarded as identical with the Bacillus neajoolitanus 
(Emmerich), and the " Fasces bacillus " described by Weisser, 
whilst by recent experiments I have shown that it is closely 
allied to, if not identical with, the Bacillus ethacetosuccimcus 
previously described by me. In all cases, therefore, in which water 
is supposed to have been infected with the dejecta of typhoid 
patients, the B. coli communis may be expected also to be present. 
In order, therefore, to ascertain definitely whether the typhoid 
bacillus is present in any given water, care must be taken that the 
B, coli communis is not mistaken for the former, and to guard against 
this it would be a desideratum to have some method which would, 
whilst revealing the presence of the typhoid bacillus, effectually 
eliminate or separate out its almost constant attendant, the B. coli 
communis. Unfortunately, this is a consummation which has not yet 
been realised in fact, for not only is the vitality of the B. coli com- 
munis in water, as will be shown below, superior to that exhibited by 
the typhoid bacillus, but in all attempts which have so far been made 
to suppress the vitality of other organisms, and yet permit of the 
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development of the latter, the B. coli communis has shown itself to be 
possessed of greater powers of resistance than the typhoid bacillus 
itself. Hence, although the addition of various chemical substances 
in suitable proportions may effectually destroy or retard the growth 
of other organisms, yet the B. coli communis survives and remains 
present along with the typhoid bacillus ; indeed, in many cases it has 
been shown that such additions have actually destroyed the typhoid 
bacillus, and left the B. coli communis alone master of the field. It is 
true that, growing in artificial cultures side by side, there are certain 
differences observable between these two organisms, for the B. coli 
communis grows more luxuriantly in the various culture-media em- 
ployed than does the typhoid bacillus, or to use the expressive 
language of a French observer, the B. coli communis grows as though 
it were well, and the typhoid bacillus as though it were ill ; but yet 
on the gelatine plates of each there are nearly always colonies which 
are indistinguishable from those of the other, whilst even in the 
potato-cultures, which used to be regarded as the crucial test for the 
typhoid bacillus, the B. coli communis may and does exhibit, under 
certain conditions, growths which resemble in every respect those 
produced by the typhoid bacillus. In two media, however, as has 
been pointed out by Dunbar (" Ueber den Typhusbacillus und den 
Bacillus Coli Communis," ' Zeitsch f. Hygiene/ 1892, 491), a. 
marked difference is found in the behaviour of these two organisms. 
Thus, when inoculated into sterile milk, the typhoid bacillus renders 
the liquid slightly acid, but never causes its coagulation ; the B, coli 
communis, on the other hand, at the temperature of the body coagu- 
lates the milk in from 24 — 48 hours, rendering it at the same time 
strongly acid. Again, when grown in sterile fluid meat extract or 
broth, the B. coli communis at 37° C. produces, in the course of from 
3 — 12 hours, a quantity of gas (consisting of hydrogen and carbonic 
anhydride), whilst no formation of gas has, under the same conditions, 
ever been observed in the case of the typhoid bacillus. 

This latter mode of distinguishing between the B. coli communis 
and the typhoid bacillus I have reduced to the following extremely 
simple and handy form suitable for their rapid differentiation : — The 
organism under investigation is inoculated into a test-tube containing 
ordinary gelatine peptone in a melted state, the latter is shaken to 
distribute the bacilli throughout the liquid, which is then allowed to 
solidify and maintained at the ordinary temperature (18—20° C). 
The tube, if it contains the B, coli communis, will invariably, after 
12 — 48 hours, exhibit numerous conspicuous gas bubbles distributed 
through the solid medium, whilst no such bubbles make theit? 
appearance in similar tubes containing the typhoid bacillus. The 
test possibly depends upon the meat extract containing sufficient 
dextrose (derived from the post-mortem transformation of the glycogen 
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in the blood) for a visible fermentation by the B. coli communis to 
take place. The bubbles of gas are certainly independent of any 
ingredients present in either the gelatine or in the peptone, for I 
have found them to form also in agar-agar-peptone, and also in meat- 
extract gelatine to which no peptone had been added.^ The great 
convenience of the test depends upon its involving only the use of a 
medium which must invariably be at hand at all times in every 
bacteriological laboratory, and also on its dispensing with the use of 
an incubating temperature, whilst it has the further advantage over 
Dunbar's original broth-bubble test that the bubbles of gas being 
fixed in the solid gelatine, the tubes can be examined at leisure even 
days or weeks after inoculation, whilst with the broth-bubble test, if 
the tubes are not examined at the right time, the fermentation may 
have ceased ; besides, in the broth, of course, the bubbles are not 
nearly so conspicuous. Extensive use has been made of this method 
during the present investigation, and for rapidly and certainly dis- 
tinguishing between the typhoid bacillus and the B. coli communis I 
have found it unequalled ; on the other hand, it must be borne in 
mind that it does not serve to distinguish between the B. coli communis 
and many other fermenting organisms. 

A further but less certain distinction which should also be em- 
ployed for differentiating between the typhoid bacillus and the 
B. coli communis is the so-called indol-reaction. This test is best ap- 
plied in the following manner, as recommended by Kitasato : — 

To 10 c.c. of the culture in ordinary alkaline peptone-broth of the 
organism under examination, and which has been growing for 
twenty-four hours in the incubator, add 1 c.c. of a solution of potas- 
sium or sodium nitrite (containing 0*02 gram in 100 c.c.) and then a 
few drops of concentrated sulphuric acid. If indol is present, a rose to 
deep-red coloration is produced, depending on the interaction of nitrous 
acid with indol to form nitrosoindol nitrate which is of red colour. 
On applying this test to the B. coli communis an indol-reaction should 
be obtained, whilst the typhoid bacillus gives invariably a negative 
result. In practice I have found it advisable not to apply the indol- 
test until the broth-culture has been forty-eight hours in the in- 
cubator. 

Although the B. coli communis is generally supposed to give the 
indol-reaction, this character would appear not to be so constant as 
is commonly imagined. In my own experiments I have known one and 
the same culture- series of the B. coli C07nmunis not to give the indol- 
reaction at one time, and yet subsequently to become possessed of 
this power, although I have not been able to determine the cause 
which leads to the loss of the indol-producing capacity. Thinking 

* Dunbar found also that no bubbles were formed in a solution of peptone with- 
out meat extract. 
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that it might possibly be due to the growth of the bacillus having 
become enfeebled, I tried growing it under unfavourable conditions, 
viz., in phenol-broth, in. which I left the bacillus for months wish- 
out transplanting, but even by this severe treatment I found no 
diminution in the indol-producing power. The absence of indol- 
production by the B. coli communis has also been noticed by Dunbar, 
who in his exhaustive memoir (loc. cit.) compares the behaviour of a 
culture of the typhoid bacillus with a culture of the B. coli com^nunis, 
and found that neither bacilli gave the indol-reaction. It is obvious, 
therefore, that indol production is not a necessary attribute of the 
B. coli communis, and that too much reliance must not be placed on 
it as a means of distinguishing between the typhoid bacillus and the 
B. coli communis. 

As convenient, for purposes of reference, I have collected in the 
following two tables the principal characters of these two bacilli : — 

Typhoid Bacillus. 
(Bacillus typhi abdominalis.) 

Authority. — Uberth, ' Virchow's Archiv,' vol. 81, 1880 ; also ibid,, 
vol., 83, 1881. Gaffky, " Zur Aetiologie des Abdominaltyphos," 
' Mittheilungen a. d. Kaiserlichen Gesundheitsamte/ vol. 2, 1884, 
p. 372. 

Where Found. — In the blood, urine, fasces, as well as in the organs 
of typhoid patients. Found by numerous investigators in water. 

Microscopic Appearance. — A short, plump bacillus about three times 
as long as broad, with rounded ends. It occurs in the tissues usually 
singly, but in artificial cultures it grows frequently into long threads. 
It is very motile and is provided with numerous cilia, which are 
attached to both the sides and ends of the bacillus. To stain the 
cilia add 22 drops of caustic soda to 16 c.c. of the mordant (Loeffler). 
It is not stained by Gram's method, and stains less readily with 
aqueous aniline solutions than most bacteria. Gunther recommends 
heating the cover-glass, after the dye has been poured, on it, for a 
few seconds until it begins to steam, and then washing off the stain 
as usual. It does not form spores. 

Cultures: Gelatine Plates. — The colonies on the surface form large 
spreading greyish-white iridescent expansions with jagged and ir- 
regular edge. Under a low power they exhibit a brownish shimmer 
and a characteristic woven structure. The depth colonies are darker, 
with regular edge, and are covered with delicate irregular lines. JSTo 
liquefaction takes place. 

Gelatine Tubes. — Grows chiefly on the surface, producing a delicate 
greyish- white iridescent expansion with irregular edge. 

A gar-agar.— Forms a greyish-white moist expansion. 
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Potatoes. — Produces an almost invisible greyish-white growth after 
forty-eight hours, but on touching the moist-looking surface with the 
needle a tough resistant pellicle is found. On some potatoes, how- 
ever, its growth is more apparent, so that the above is not the only 
appearance to which it may give rise. 

Blood Serum. — -Produces a milk-white expansion restricted to the 
path of the needle. 

Broth. — Renders it turbid. 

Milk. — Grows abundantly, rendering it slightly acid. Ko coagula- 
tion takes place. 

Remarks. — Tt grows best at about 37° C. Kitasato states that it 
produces no indol reaction. It produces sulphuretted hydrogen in 
iron-gelatine, the needle-track after from five to six days becoming 
intensely black in colour. In iron-agar, at from 33 s to 34° C, this 
black colour appears at the end of 24 hours (Fromme). It produces 
sulphuretted hydrogen in broth with or without peptone ; compara- 
tive tests made with the B. coli communis revealed no difference either 
in the degree of the reaction (as shown by the lead -paper test) or in 
the rapidity with which it took place in the case of the two organisms. 
The typhoid bacillus never produces gas in any artificial media. It 
is destroyed when heated for ten minutes at 60° C. 

Injection into the aural vein of rabbits causes death in 24 — 28 
hours (Fraenkel and Simmonds), guinea-pigs into which the cultures 
are introduced by the mouth, as described for cholera, are also killed 
(Seitz). Opinion is, however, still divided as to whether death is 
due to mere intoxication by the bacterial products present in the 
cultures, or to actual multiplication of the bacillus within the animal. 
In this connection, see Petruschky (' Zeitsch. f. Hygiene,' vol. 12, 
1892, p. 269). 

Bacillus Ooli Communis. 

Authority. — Bscherich, ' Fortschritte der Medicin/ vol. 3, 1885, 
INfos. 16 and 17. Also Dunbar, " Ueber den Typhus-bacillus und den 
Bacillus Coli-communis," ' Zeitschrift f . Hygiene,' vol. 12, 1892, p. 
485. Also Luksch, " Zur Differenzialdiagnose des Bacillus typhi ab- 
dominalis (Eberth) und des Bacterium Coli-commune (Escherich)," 
* Centralblatt f. Bakteriologie,' vol. 12, 1892, p. 427. 

Where Found— In the intestinal tract of man and animals. Found 
often in water by numerous investigators, and frequently mistaken 
for the typhoid bacillus. 

Microscopic Appearance. — The typical form, is a short bacillus 0*4 jll 
broad and 2 to 3 ja long ; it is, however, very variable, oval indi- 
viduals and forms resembling cocci being also found. It exists 
chiefly as a double bacillus arranged in groups. It is slightly motile, 
and is provided with 1 to 3 cilia, whilst the typhoid bacillus has 8 to 
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12 cilia (Luksch). Nicolle and Morax mention that the coli bacillus 
has invariably fewer cilia than the typhoid, that whereas the former 
rarely possesses more than six, the latter usually exhibits ten to 
twelve, whilst the cilia of the former are also far more fragile 
(' Annales de l'lnstitut Pasteur,' vol. 12, 1893, p. 561). It does not 
form spores. 

Cultures : Gelatine Plates. — Forms round, and very often oval, 
smooth-rimmed granular colonies in the depth, which later become 
yellowish-brown in colour. On the surface it forms flat, irregular, 
pale white expansions, which under a low power exhibit a furrowed 
appearance due to the unequal thickness of the colony in its different 
parts. The colony also presents a distinctly wavy lineal structure 
parallel to the periphery. ~No liquefaction ensues. 

Gelatine Tubes. — Grows somwhat abundantly in the depth, pro- 
ducing small white pin-head colonies, whilst on the surface it forms 
an expansion resembling the growth on gelatine plates. 

Agar- agar. — Grows abundantly on the surface, producing a dirty- 
white, faintly shining expansion. 

Blood Serum. — Forms a milk-white expansion. 

Potatoes. — Produces a slimy yellow expansion on some potatoes, on 
others grey-white, whilst in some cases it resembles the typhoid 
bacillus in being hardly visible. 

Broth. — Renders it turbid. 

Milk. — Renders it acid, and at 37° C. coagulates it in from twenty- 
four to forty-eight hours. 

Remarks. — Both cultures of twenty- four hours' age generally 
exhibit considerable evolution of gas ; ordinary gelatine or agar stab- 
cultures also generally exhibit bubbles of gas in the solid medium. 
Such bubbles can invariably be obtained by inoculating into ordinary 
melted gelatine, which is afterwards allowed to solidify (Percy 
Frankland). The addition of dextrose to the gelatine is quite un- 
necessary for this purpose. Exhibits indol reaction after twenty- 
four to forty-eight hours' culture in peptone broth. 

Is capable of exhibiting very different degrees of pathogeneity 
according to its origin, cultures made from diseased tissues in which 
it is present on being intraperitoneally inoculated into rabbits cause 
peritonitis, and the bacilli are found in pure culture in the heart's 
blood. (Alex. Fraenkel, ' Wiener klin. Wochenschr.,' 1891, Nos. 
13—15.) 

2. Behaviour of Typhoid Bacilli experimentally introduced into Potable 

Water. 

The second kind of information concerning the behaviour of the 
typhoid bacillus in water has, as already mentioned, been gained by 
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direct experiment, i.e., by purposely introducing the bacillus into 
water, and in this manner the conditions which are favourable and 
unfavourable to the vitality in water of the typhoid bacillus can, of 
course, be much more readily ascertained than by the study of 
such chance cases as those already enumerated above, in which the 
bacilli had, in the natural course of events, gained access to water. 

I have below expressed in a tabular form the principal results of 
the numerous investigators who have already availed themselves of 
this method of experimenting on the benaviour of the typhoid bacillus 
in water. 

From this table it will be seen that different observers ascribe very 
different degrees of vitality to the typhoid bacillus in water, nor is 
this to be wondered at when it is remembered that the typhoid 
bacilli introduced into the waters may have been possessed of very 
different degrees of initial vitality according to their age and previous 
history ; whilst, secondly, the waters experimented with were, of 
course, not the same ; thirdly, the amount of food-material introduced 
into the water along with the bacilli must have been subject to the 
very greatest variations, and again the temperatures and other condi- 
tions under which the infected waters were preserved were equally 
variable. 

Thus, taking the experiments made with distilled water, in which, 
therefore, there is the most chance of the water having been of 
uniform quality, Braem found the introduced typhoid bacilli still 
alive after 188 days, whilst the longest duration of vitality in this 
medium observed by Hochstetter was five days, Meade Bolton, 
Slater, Straus and Dubarry, and Wolff hiigel and Biedel giving 
periods intermediate between these two wide extremes. These dis- 
crepancies in the case of distilled water are doubtless to be accounted 
for partly by the difference in initial vitality possessed by the different 
typhoid bacilli employed and partly by the difference in the amount 
of culture-material imported into the distilled water along with the 
bacilli themselves, whilst the actual numbers in which the bacilli 
were introduced may also greatly influence the degree of longevity 
observed. 

This wide divergence in the results obtained by previous observers 
would alone call for a reinvestigation of this subject with a view to 
ascertaining the longevity of the typhoid bacillus in definite types of 
British potable warter, and taking more into consideration the exact 
chemical composition of the waters experimented with. 

There is, however, another point arising out of the results arrived 
at by previous investigators which still more urgently demands re- 
investigation with a view to its confirmation, qualification, or direct 
contradiction, and this is the relatively far greater longevity of the 
typhoid bacillus in sterilised than in unsterilised potable water 3 



406 



Profs. Percy Frankland and Marshall Ward. 



which has been affirmed more especially by Kraus and subsequently 
by Karlinski. This point is obviously of the very highest import- 
ance from a practical hygienic point of view, as it is with unsterile 
potable water that we are in practice alone concerned, and the 
duration of vitality ascribed to the typhoid bacillus in such water by 
both these observers is of very limited extent — not more than seven 
days. 

The experiments of Kraus are so striking, and have attracted so 
much attention, that I will give them in more detail in the following 
table : — - 



Typhoid Bacillus. 



Description of Water. 



Number of Days after Inoculation when Examined. 



2. 



5. 



9. 



20. 



150. 



(1) Munich water supply 

(Mangfall) 

(2) Well-water, Munich 

(3) 

(1) Munich water supply 

(Mangfall) 

(2) Well- water, Munich 

(3) 



Number of Typhoid Bacilli found in 1 c.c. of Water. 



57,960 
57,000 
56,000 



50,400 


15,680 


9,000 








50,840 


32,643 


-s,900 








Us, 9 10 


10,010 


,7,060 













N:imber of Water Bacteria found in 1 c.c. of Water. 












80 


288,000 


400,000 








490 


lost 


300,000 


427,000 








280 


500 


256,000 


lost 



970,000 

innumerable 

456,000 









1,080 
1,980 
1,050 



These results indicate, therefore, that, on introducing the typhoid 
bacilli into the potable waters in question, which, were almost 
naturally sterile, the typhoid bacilli promptly disappeared as soon as 
the water bacteria had undergone extensive multiplication, which 
had taken place in each of the three experiments by the seventh day 
after the importation of the typhoid bacilli. 

These interesting experiments cannot, however, by the light of our 
present knowledge, be accepted without criticism, for there cannot 
be the slightest doubt that, when only the ordinary method of plate- 
cultivation is employed in such investigations on unsterilised water, 
the typhoid bacilli will be generally overlooked unless they are 
present in large numbers. Again, the attempts which have been 
made, both by Kraus and other experimenters, to count the typhoid 
colonies on plates containing such mixtures of colonies, and the 
numerical estimates given of the typhoid bacilli in such unsterilised 
waters, must be wholly illusory, for the number of typhoid colonies 
which develope what may be called a typical appearance (i.e., one 
which enables them to be readily recognised with reasonable cer- 
tainty) depends on a variety of different circumstances, amongst 
which may be mentioned the age of the plate, the extent to which 
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the colonies are crowded together on the plate, very probably, also, 
the nature of the other colonies on the plate, and certainly the degree 
ol vitality possessed by the typhoid bacilli themselves. Thus, if the 
numerical estimate of the typhoid colonies on a plate is made by 
counting as such the characteristic surface expansion colonies only, 
the result must be entirely fallacious, as nothing is, in my experi- 
ence, commoner than to find only a vanishing proportion of the total 
number of typhoid colonies, even on a pure plate, giving rise to these 
surface-expansions at all. 

In looking for typhoid bacilli in such artificially-infected unsterile 
waters it is, in fact, necessary to employ special methods for their detec- 
tion similar to those which, as already pointed out, had to be devised 
for the examination of natural waters for the typhoid bacillus, and it is 
only when such special methods have been employed with a negative 
result that the conclusion can be legitimately drawn that the typhoid 
bacillus is not present in the living state in the particular volume of 
water operated on. 

In the present investigation, the uniform practice has been made 
of examining all unsterile waters by means of Parietti's method of 
phenol broth-culture (see description below) in order to ascertain 
the presence or absence of the typhoid bacillus or of the B. coli com- 
munis. 



Method of Detecting the Typhoid Bacillus and Bacillus Coli Communis 

in Unsterile Waters. 

It will not be necessary to describe the various methods which 
have been devised for discovering the presence of typhoid bacilli in 
water, but it will be sufficient to point out that these are nearly all 
based upon the fact that the typhoid bacillus is, in comparison with 
most bacteria, but little affected by small doses of either phenol or 
dilute acids, so that, by adding suitable quantities either of phenol 
alone or of phenol in conjunction with acid to the culture-media, the 
growth and multiplication of the typhoid bacillus is not materially 
interfered with, whilst the proliferation of most, if not of all, the 
water-bacteria is suppressed. 

Of these various methods, the one which I selected for the purposes 
of this investigation was that devised by Parietti (" Metodo di ricerca 
del Bacillo del tifo nelle aque potabili," ' Bivista d' Igiene e Sanita 
pubblica,' 1890). This method, which consists in adding phenol 
along with hydrochloric acid in certain proportions to neutral broth 
is carried out as follows : — 

A series of test-tubes containing 10 c.c. of neutral broth, each 
receive from 3 to 9 drops of a solution having the following composi- 
tion : — 
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Phenol 5 grams. 

Hydrochloric acid (pure) 4 



Distilled water 100 



?? 



?? 



(In practice, I generally employ some tubes to which 3 drops 
(= 0'25 c.c.) and others to which 5 drops (= 0*4 c.c.) of this solu- 
tion have been added.) 

To the tubes thus treated, from 1 drop to several cubic centimetres 
of the water under investigation are added, and, after thoroughly 
mixing the contents, the tubes are placed in the incubator at 37° C. 
As soon as the tubes become turbid (which in the initial presence of 
many typhoid bacilli will occur already in twenty- four hours, but if 
only few are present, may be postponed for forty-eight, seventy-two, 
or even more hours) they are submitted to ordinary plate cultivation 
in three dilutions, the second and third dilutions only being actually 
poured on to plates or into Petri dishes, whilst the first dilution 
gelatine-tube should be preserved to see if gas-bubbles develope in it. 

The gelatine-plates thus prepared are frequently found to yield 
nothing but typhoid colonies, whilst in some cases the latter are 
mixed with the colonies of water-bacteria, and in some cases, again, 
there are only colonies of water-bacteria on the plates, In no case 
must it be concluded from the mere appearance of the colonies that 
typhoid is present, but the colonies must always be submitted to the 
further tests of 

1. Microscopic examination. 

2. Inoculation on to potatoes, and comparison of growth with that 

of simultaneous cultures of the tj^phoid bacillus on the same 
potatoes. 

3. Inoculation into broth, and examination of the broth -culture 

after forty-eight hours' growth in the incubator at 37° C. for 
indol, which, if it is the typhoid bacillus, should be absent. 

4. Inoculation into milk, which should not subsequently become 

coagulated on keeping for one week in the incubator. 

5. Inoculation into a tube containing melted g*elatine-peptone ; on 

distributing the bacilli in this and then congealing the gelatine, 
no gas-bubbles should be formed on keeping at 18 — 20° C, 
whilst in the case of the B. coli communis bubbles will make 
their appearance in from twelve to forty- eight hours. 

The B. coli communis, as already pointed out, is even less sensitive 
to phenol and acids than the typhoid bacillus. In the case of those 
unsterile waters infected with the B. coli communis, the above method 
was similarly employed for its detection. 

The above outline will show that a systematic investigation of the 
behaviour of the typhoid bacillus in un sterilised waters is attended 
with considerable difficulties, and involves an enormous amount of 
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labour, which is, however, well worth bestowing in consideration of 
the very great importance attaching to the question at issue. 

First Series of Experiments. 

The Vitality of the Typhoid Bacillus and of the Bacillus Coli 

Communis in Thames Water. 

As already indicated above, I have endeavoured to make these ex- 
periments as far as possible comparable with those previously con- 
ducted by me on the B. anthracis and its spores recorded in the 
Second Report. 

The Thames water was collected by me personally from the river, 
close to the intake of the Grand Junction Waterworks, near Hamp- 
ton, on May 4, 1893 ; this spot was selected as being in that region 
of the river from which the supply for London is abstracted. 

This water was submitted to chemical analysis with the following 
results : — 

Results of Analysis expressed in Tarts 'per 100,000. 

Total solid matters 26'SO ~^ 

Organic carbon 1 . -, , . f 0*247 

> by combustion < ^ ^_ 
nitrogen J J \ 0*038 

Organic nitrogen (by Kjeldahl 

method) 0*041 

Ammonia (free) 0*013 

„ (albuminoid) 0*016 The sample was turbid 

Oxygen consumed by organic )> and free from poison 

matter 0*102 ous metals. 

Nitrogen as nitrates and nitrites. . 0*124 

Total combined nitrogen 0*173 

Chlorine 1*65 

Temporary hardness 13*8 

Permanent „ 4*4 

Total „ 18*2 . 

The analysis shows that the water is chemically a typical sample 
of Thames water as found in this part of the river at this season of 
the year. 

In this series of experiments I proposed introducing the typhoid 
and coli bacilli respectively into (a) Thames water in its natural and 
unsterile condition ; (b) Thames water sterilised by filtration through 
porous porcelain ;* (c) Thames ivater sterilised by steam,f and to com- 

# ^ The Chamber-land filter (see 2nd Report, f Boy. Soc. Proc.,' vol. liii, p. 183) was 
sterilised in the steamer on two successive clays, 1£ litres of the Thames water 
being then passed through it immediately before infection. 

f 1500 c.c. of the Thames water were placed in the steamer for two hours on 
each of three successive days. 
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pare the respective behaviour of the two organisms in these three 
different states of the Thames water. 

The infection of the several waters was made on 11.5.1893, as 
follows : — 

I. Typhoid. — Forty needle-loops were removed from the surface of 
an agar-culture of the typhoid bacillus which had been grown at 
18 — 20° 0. for fourteen days, great care being taken to carry as little 
as possible of the culture-material along with the growth. This 
growth was introduced into 50 c.c. of steam-sterilised Thames water 
and violently shaken for fifteen minutes in a sterile bottle to 
thoroughly disintegrate the masses. This water- dilution was then 
employed for the infection of the larger quantities of water as indi- 
cated below. 

II. B. coli. — The water- dilution of the B. coli communis was made 
in exactly the same way as that of the typhoid bacillus described 
above, excepting that only twenty- five needle-loops of the growth 
were taken, as owing to its greater thickness it was detachable in 
larger masses from the surface of the agar. The culture employed 
was of just the same age (fourteen days), and had been grown at the 
same temperature (18 — -20° 0.) as the typhoid bacillus. 

With the water- dilutions thus prepared the following "infections 
were made :-— - 

Typhoid bacillus. B. coli communis. 

JJnfiltered Thames Water. 

2000 c.c. received 8 c.c. of 1000 c.c. received 3 c.c. of 

the water dilution. the water dilution. 

Porcelain-filtered Thames Water. 

750 c.c. received 3 c.c. of 750 c.c. received 2 c.c. of 

the water dilution. the water dilution. 

Steamed Thames Water. 

750 c.c. received 3 c.c. of 750 c.c. received 2 c.c. of 

the water dilution. the water dilution. 

The waters thus infected were each subdivided amongst a number 
of smaller sterilised flasks plugged with sterile cotton-wool, and these 
were respectively placed in the incubator or refrigerator, according as 
they were to be exposed to a winter or a summer temperature. Thus : 

Infected. 



Typhoid. B. Goli. 

XJnfiltered Thames Water. 
3 flasks incubator. 3 flasks incubator. 

3 „ refrigerator, 3 „ refrigerator. 
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Porcelain-filtered Thames Water. 

3 flasks incubator. 3 flasks incubator. 

3 „ refrigerator. 3 „ refrigerator. 

Steamed Thames Water. 

3 flasks incubator. 3 flasks incubator. 

3 „ refrigerator. 3 „ refrigerator. 

Uninfected Control Watebs. 

2 flasks incubator, 
2 „ ■ refrigerator. 

N.B.— The convention is adopted throughout the text of the 
Report of designating the flasks 17, 2 7, 3 7, and IB, 2B, SB, ac- 
cording as they have been kept in the incubator or refrigerator 
respectively, and in this manner the individual flasks are readily 
identified. 

In order to ascertain whether the infection of the water had com- 
municated any large amount of organic matter to the water, some of 
the infected waters were submitted to a partial chemical analysis. 
This is a matter which has, unfortunately, been almost entirely 
neglected in previous observations on the vitality of pathogenic 
bacteria in potable waters, and it is obvious that if such investiga- 
tions are to have anything but a negative value, the waters, after 
infection, must not differ materially in their chemical composition 
from that which they possess in their' natural state. 

These chemical analyses yielded the following results : — 

Besults of Analysis expressed in Parts per 100,000. 







Unfiltered 


Unfiltered 




Unfiltered 


Thames water 


Thames water 


Thames water* 


infected 


infected 




uninfected. 


with tjphoid. 


with JB. coli. 


Ammonia (free) 


0-013 


0-013 


0-015 


„ (albuminoid) 


0-016 


0-020 


0-028 


Oxygen consumed .... 


0-102 


o-ioi 


, — 


vfllOriDc »•**•••••••• 


1-65 


1-70 


1-70 



Thus the infection, especially in the case of the typhoid bacillus, 
had caused but very little increase in these ingredients. 

The examination of the several flasks was conducted on the fol- 
lowing principles : — 

1. The unfiltered infected Thames water was examined by plate- 
cultivation from time to time in order to ascertain the changes in the 

* The full analysis of this water is given on p. 409. 
VOL. LVI. 2 F 
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total number of micro-organisms present, but without any hope of 
counting or even identifying the typhoid or coli colonies, as this is, 
for the reasons already given (see pp. 406, 407) in general, quite out 
of the question. 

On the other hand, the presence or absence of living typhoid and 
coli bacilli was periodically determined by cultivation with phenol- 
broth (see p. 407), a method which, of course, does not permit of an 
estimation of their number, but which, as will be seen, is often able 
to throw light on their relative abundance or on their relative degree 
of vitality. 

2. The sterile (porcelain -filtered and steamed) infected Thames 
waters were periodically examined both by plate cultivation and by 
the phenol-broth method : so that in the case of these waters, in 
which the typhoid or coli bacilli were not mixed with other bacterial 
forms, not only could their presence or absence in the living state be 
determined, but their actnal numbers ascertained. 

3. The unfiTtered uninfected Thames water was periodically ex- 
amined by plate cultivation in order to follow- the increase or decrease 
in the numbers of the water bacteria, whilst examinations hy the 
phenol-broth method were also made in order to ascertain whether 
there were any forms amongst the water bacteria which might be 
confounded with the typhoid or coli bacilli, and thus to check the 
diagnoses made in the case of the unsterilised infected waters. 

1. Bacteriological Examination of the Uninfected Unsterilised Thames 

Water. (First Series.) 

It will be most convenient to consider first the behaviour of the 
control waters which were placed under the same conditions, in the 
incubator and refrigerator, as the infected ones. 

The results of the gelatine plate cultivations of these control waters 
are summarised in the following table :— 
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The sample of Thames water which between the date of collection 
(4.5.1893) and the date of first examination (11.5.1893) had remained 
in bottles almost completely filled up to the stopper, and at a tempera- 
ture of about 10 — 12° 0. exhibited in the first instance an unusually 
small number of bacteria (only 290 in 1 c.c). There can be little 
doubt that the original number present must have been greater than 
this, and have become diminished during this period of residence in 
the stoppered bottles, for on introduction into the flasks plugged with 
cotton-wool they underwent enormous multiplication. In the flask 
kept at 19° C. the multiplication was doubtless most rapid, but had 
already fallen again to 45,000 per c.c. on the second examination, 
whilst in the flask kept at 6° 0. multiplication and subsequent decline 
were probably both less rapid, so that on the occasion of the second 
examination the number present was still 563,000 per c.c, which, 
underwent continuous diminution during the remainder of the time 
that this flask was kept under observation. 

These phenomena of initial multiplication followed by decline have 
been already frequently called attention to, both in the former 
Reports and by other observers, so that there is no necessity to dwell 
further upon it here beyond pointing out that it shows that the 
water- bacteria in this sample of water employed were in an active 
and flourishing state under the conditions maintained during the 
experiment. 

Examination by Plate- Cultivation of the Unsterilised Thames Water 
infected with Typhoid and B. coli communis respectively. 

Having in the previous pages traced the numerical changes which 
took place in the bacterial contents of the control uninfected un- 
sterilised Thames water, I will now proceed to describe what occurred 
in the case of the same unsterilised Thames water which was infected 
with typhoid and coli respectively (in the manner indicated on 
p. 410). 

The flasks containing these infected unsterilised Thames waters 
were kept at a winter (6 — 8° 0.) and a summer (19° 0.) temperature 
respectively, and were examined from time to time by gelatine plate 
cultivation, and the results of these periodical examinations are 
recorded in the following table :— 
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From the above table it will be seen that the unsterilised Thames 
water, which contained remarkably few bacteria (only 290 per c.c.) at 
the time, was infected with a very large number of typhoid bacilli 
(about 78,000 per c.c). The total number of bacteria in the water 
kept at the winter temperature of 6 — 8 9 0. underwent enormous 
multiplication followed by decline, as in the case of the uninfected 
unsterilised water. In the water kept at the summer temperature of 
19° C, on the other hand, the numbers found exhibited almost con- 
tinuous decline, and also closely resembled those found in the unin- 
fected unsterilised water preserved under similar conditions. In 
both cases, however, there must have been a great multiplication of 
the water-bacteria, for whilst the gelatine plates prepared from these 
waters during the first week after infection admitted of the ready 
recognition of typhoid colonies, in the subsequent examinations this 
was altogether impossible, so that the large n amber of colonies 
present on these later plate cultivations must have been derived from 
the extensive multiplication of the comparatively few water- bacteria 
present in this unsterilised water at the outset of the experiments. 

I must, however, again emphasize what I have stated before, that 
whilst the recognition of typhoid colonies on such plates containing 
the colonies of numerous water-bacteria is often difficult and attended 
with much uncertainty, any estimation of the number of typhoid 
colonies on such plates, as has been attempted by some observers, is 
altogether illusory and calculated to lead to the most erroneous con- 
clusions. For whilst the surface colonies of the typhoid bacillus are 
even liable to be confounded with the surface colonies of some other 
bacteria, in the appearance of the depth colonies (and, of course, in 
ordinary gelatine plates the majority of the colonies are beneath the 
surface) there is nothing to distinguish them from an immense 
number of other forms common in water. Thus, whilst in the above 
series of examinations I have no hesitation in saying that on the 
plates prepared on the 11th, 16th, and 17th May, typhoid colonies 
were present, I rely for the determination of their presence or absence 
after those dates entirely on the results of the examinations by phenol 
broth-culture which will be given below. Again, even in the case of 
those plates which obviously contained typhoid colonies, I do not con- 
sider that any estimate of their number could be justifiably made, as 
such an estimate could only include the surface colonies which had 
developed the characteristic expansions. 

Thus the examination by plate-culture of tnese unsterilised waters 
does not enable us to ascertain whether the typhoid bacilli under- 
went any numerical increase in these waters, but from the fact that 
no such increase was observed in the case of the typhoid bacilli 
similarly introduced into steam-sterilised Thames water (see p. 451), 
and in which, therefore, the conditions for their multiplication were 
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far more favourable, there can be no reasonable doubt that they did 
not undergo any increase but only decline ; this supposition is, more- 
over, corroborated by the results of the examinations by phenol 
broth-culture, to which I shall presently refer. 

I will now turn to the similar examinations made by gelatine plate- 
culture of the same unsterilised Thames water infected with the 
B. coli communis, the results of which are recorded in the table on 
p. 418. 

The results recorded in the above table for the B. coli communis are 
almost precisely parallel to those recorded in the previous table for 
the typhoid bacillus. There is again, in the case of the water kept at 
the winter temperature of 6 — 8° C, the enormous multiplication in 
the total number of bacteria present, followed by rapid and almost 
continuous subsequent decline. In the case of the water kept at the 
summer temperature of 19° C, a slight increase was observed on the 
occasion of the second examination (but, as pointed out in the case of 
the typhoid table, a great increase followed by rapid decline may have 
taken place in the interval between the first and second examina- 
tions), after which there was a great decline followed by some re- 
crudescence at the end. In the case of the waters kept both at the 
winter and the summer temperatures respectively, how r ever, it is 
obvious that extensive multiplication of the water-bacteria must have 
taken place, owing to the very large increase in the number of 
colonies causing liquefaction of the gelatine which was observed. 

For the same reasons as stated in the case of the typhoid bacillus 
(see p. 417), it is impossible to form any estimate of the numbers in 
which the coli bacilli were present after the day (11.5.1893) of their 
introduction, nor as to the length of time over which they persisted in 
the living state in these waters. From the corresponding experi- 
ments, however, made with the steam-sterilised Thames w T ater, it is 
quite possible that the B. coli communis, unlike the typhoid bacillus, 
may have undergone some multiplication in the water. It is to the 
examinations by the method of phenol broth-culture that we must 
again have recourse in order to ascertain how long the coli bacilli 
remained alive in these unsterilised waters. 

There is a point which is brought out very strikingly in these 
tables, and to which I would draw attention at this stage, and that is 
that the total number of bacteria present in these unsterilised waters 
at the end of the period over which these experiments extended, was, 
both in the case of the uninfected waters (see table, p. 413) as well as in 
that of the typhoid (see table, p. 415), and in that of the coli (see table, 
p. 418), greater in the water maintained at the summer than at the 
winter temperature respectively. The probable explanation of this 
phenomenon would appear to be that at the lower temperature 
(6 — 8° C.) many of the bacteria present may be unable to form spores, 
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and thus perish by the long residence in the water, whilst at the 
higher temperature (19° 0.), although the fully developed bacteria 
are more rapidly destroyed, a larger proportion of them give rise to 
spores and thus lead to a larger permanent bacterial population in 
the water. 

'Examination of the Unsterilised Thames Waters, Infected and Unin- 
fected by Phenol Broth-culture. 

I must now call attention to the results of the phenol broth- 
cultivations made both with the unsterilised Thames water, as well 
as with that infected with the typhoid bacillus and the B. coli 
communis respectively. 

The following experiment will show how under favourable condi- 
tions, the phenol broth test serves to distinguish a water containing 
typhoid bacilli from another in which they are absent ; thus 

Bhenol Broth Experiments (12.5.1893). 

(1) 1 c.c. uninfected unsterilised Thames water added to 10 c.c. 

broth ■+• 5 drops phenol solution. 

(2) 1 c.c. uninfected unsterilised Thames water added to 10 c.c. 

broth + 3 drops phenol solution. 

(3) 0'5 c.c. uninfected unsterilised Thames water added to 10 c.c. 

broth -f- 5 drops phenol solution. 

(4) 0'5 c.c. uninfected unsterilised Thames water added to 10 c.c. 

broth + 3 drops phenol solution. 

(5) 1 c.c. unsterilised Thames water infected with typhoid added 

to 10 c.c. broth + 5 drops phenol solution. 

(6) 1 c.c. unsterilised Thames water infected with typhoid added 

to 10 c.c. broth -f- 3 drops phenol solution. 

(7) 0'5 c.c. unsterilised Thames water infected with typhoid added 

to 10 c.c. broth -f- 5 drops phenol solution. 

(8) 0'5 c.c. unsterilised Thames water infected with typhoid added 

to 10 c.c. broth -j- 3 drops phenol solution. 

These eight tubes, all in duplicate, were placed in an incubator at 
38° C, and on the following day, whilst all the uninfected tubes, 1, 2, 
3, and 4, were clear, all the infected tubes, 5, 6, 7, and 8, were turbid, 
thus showing that whilst the addition of the phenol solution had 
prevented the proliferation of the ordinary water-bacteria in the 
uninfected Thames water, the extensive multiplication of the typhoid 
bacilli in the infected Thames water had taken place in spite of the 
presence of the same proportions of phenol. In the same way, on 
the following day, similar quantities of the unsterilised Thames 
water infected with the B. coli communis were introduced into broth- 
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tubes, to which the same proportions, as above, of phenol solution 
were added, and all these tabes similarly became turbid on being 
kept at 38° C. for twenty-four hoars. 

Thus at the outset of this series of experiments, the uninfected 
Thames water was sharply distinguishable by means of the phenol 
broth test from the same Thames water after infection with either 
the typhoid bacillus or the B. coli communis. 

The uninfected and infected unsterilised Thames waters were 
again compared by the method of phenol broth cultivation on 
29.5.1893. 
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1*0 
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The results recorded in the above table indicated that on 29.5.1893, 
whilst there were still no bacteria in the uninfected unsterilised 
Thames water to interfere with the phenol broth test, this test pointed 
to the presence of living typhoid bacilli in the typhoid-infected Thames 
waters, which had been kept both at 6° C. and at 19° C. (flasks 1 R 
and 1 I). The results of the test, moreover, indicate that these 
typhoid bacilli were now less numerous or in a less active condition 
in the flask 1 I (19° 0.) than in the flask 1 R (6° C), because both 
phenol broth tubes prepared from 1 R became turbid already in 
twenty-four hours, whilst of the two similar tubes prepared from flask 
1 I, only the one in which 1 c.c. of water was employed for cultivation 
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became turbid, and then only after forty-eight hours, whilst the tube 
in which only 05 c.c. of water was employed did not become turbid 
at all. 

It must not, however, be supposed that the diagnosis of typhoid 
bacilli in these waters was allowed to rest on such slender evidence as 
the mere clouding of these phenol broth-cultures, but the latter were 
submitted to gelatine plate cultivation to see if the characteristic 
typhoid colonies made their appearance, and these colonies were 
further confirmed by inoculation (a) on to potatoes for exhibition of 
the characteristic growth, (b) into gelatine tubes to see if bubbles of 
gas would make their appearance, (c) into broth for the indol test, 
and generally also (d) into milk to see whether coagulation of the 
casein would take place. Thus in the case of the above phenol broth- 
cultures commenced on 29.5.1893, the final confirmation of typhoid 
was not obtained until 12.6.1893, or a fortnight later. 

The phenol broth test was again applied to the waters on 5.6.1893, 
with the following results (p. 427). 

The plate cultivations made from the phenol broth tubes, referred 
to in the table (p. 427), yielded the following results :— - 

Broth tube. 

(21,) Typhoid-infected Unsterilised Thames, Flash 1 I. (Typhoid 

Present.) 

The presence of typhoid was confirmed by the typical appear- 
ance of colonies, growth on potatoes, negative indol test, and 
negative gelatine bubble test. 

(23.) Typhoid-infected Unsterilised Thames, Flash 1 R. (Typhoid 

Present.) 

The presence of typhoid was confirmed by the typical colonies, 
growth on potatoes, negative indol, and negative gelatine bubble 

tests. 

(37.) and (45,) Coli-infected Unsterilised Thames, Flash 2 I. (B. 

coli Present,) 

The presence of the B. coli was confirmed by typical colonies, 
growth on potatoes, positive indol, and positive gelatine bubble 

tests. 

(39.) and (47.) Coli-infected Unsterilised Thames, Flash 1 H. (B. 

coli Present.) 

The presence of the B. coli was confirmed by typical colonies, 
growth on potatoes, positive indol, and positive gelatine bubble 
tests. 
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(40) 



(41) 

(42) 
(43) 

(44) 



Examination by Phenol Broth-culture on 5.6.1893. 
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33 
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Flask 2 1.. 
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3 drops 
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Turbid in 24 hours. 
Turbid in 24 hours. Plates poured 

6.6.1893. 
Turbid in 24 hours. 



Unsterilised Uninfected Thames. 



Flask 11.. 


0*5 


3 drops 


33 • • 

Flask IE.. 


1*0 
0*5 


53 
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J, • . 


1 *0 


)) 



Turbid in 48 hours. Plates poured 

9.6.1893. 
Turbid in 48 hours. 
Turbid in 48 hours. Plates poured 

9.6.1893. 
Turbid in 48 hours. 



Unsterilised Coli-infected Thames. 



(45) 


Flask 2 1.. 


0*5 


5 drops 


Turbid in 24 hours. 
6.6.1893. 


Plates poured 


(46) 


33 • * 


1*0 


53 


Turbid in 24 hours. 




(47) 


Flask IE.. 


0*5 


33 


Turbid in 24 hours. 
6.6.1893. 


Plates poured 


(48) 


53 • • 


1*0 


3» 


Turbid in 24 hours. 





Broth tube. 

(41.) U?iinfected Unsterilised Thames^ Flash 1 I. 

The only colonies on the plate which bore any resemblance to 
typhoid, yielded pink growths on potatoes, and developed green 
fluorescence on being grown in gelatine tubes ; they were thus 
in reality wholly unlike and different from typhoid or coli. 
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Broth tube. 

(43.) Uninfected Unsterilised Thames, Flash 1 R. 

Colonies bearing some resemblance to typhoid yielded growths 
on potatoes, which were also not unlike typhoid, but on inocula- 
tion into gelatine tubes a green fluorescence was obtained, con- 
clusively proving that it was another organism and not typhoid 
or coli. 

From these examinations then it was apparent that on this day, 
5.6.1893,— 

1. The unfiltered Thames water injected ivith typhoid on 11.5.1893, or 
twenty -five days previously, still contained living typhoid bacilli, both in 
that portion of the water which had been preserved at 19° G. as well as in 
that kept at 6° G., the number and vital activity of the typhoid bacilli 
being apparently greater in the latter than in the former. 

2. The unfiltered Thames water infected with the B. coii communis 
on the same date also still contained these bacilli in a living state, both 
in that portion of the water kept at 19° G. as well as in that maintained at 
6°G. 

3. The unfiltered uninfected Thames water tvhich had been maintained 
under exactly similar conditions, contained no bacteria which after careful 
examination could be mistaken either for the typhoid bacillus or the B. 
coli communis. 

The unfiltered infected waters were again examined on 14.6.1893, 
with the following results : — 

Examination by Phenol Broth-culture on 14.6.1893. 



£ O 



Water 

used for 

cultivation 
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of water 

taken 
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of phenol 

solution 
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tolOe.c. 
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Unsterilised Typhoid-infected Thames. 



(85) 
(86) 



Mask II.. 
Flask IE.. 



1 '0 13 drops 

l'O 



j) 



Turbid in 48 hours. Plates poured. 



j> 



j> 



Unsterilised Coli-infected Thames. 



(87) 
(88) 



Flask II.. 
Flask I R . . 



l'O 
l'O 



3 drops ! Turbid in 24 hours. Plates poured. 



jj 



«) 



>> 



The plate cultivations made from the above phenol broth tubes 
gave the following results : — 



Report on the Bacteriology of Water. 429 

Broth tube. 

(85.) TJnsterilised Typhoid-infected Thames, Flash 1 I. (Typhoid 

Absent.) 

The plate exhibited many liquefying colonies as well as a 
large number of very small colonies; the latter were placed on 
potatoes, and yielded light brown growths ; on inoculation into 
gelatine tubes liquefaction took place, therefore certainly not 
typhoid. 

(86.) TJnsterilised Typhoid-infected ThaMes, Flash 1 R. (Typhoid 

Absent.) 

The small colonies on the plate which alone exhibited any 
resemblance to typhoid were examined as in "No. 85 above, and 
yielded exactly similar results, therefore certainly not typhoid. 

(87.) TJnsterilised Goli-infected Thames, Flask 1 Incubator. (B. coli 

Present.) 

Almost pure cultivation, with numerous typical extension 
colonies like B. coli ; these yielded characteristic growth on 
potatoes, gave the indol reaction, and the gas-bubbles in gelatine 
tube. B. coli, therefore, present. 

(88.) TJnsterilised Goli-infected Thames, Flask 1 Refrigerator. (B. 

coli Present.) 

Exactly similar results with this as with No. 87 above, 
B. coli, therefore, present. 

From these examinations it appears that on 14.6.1893, — 

1 . The typhoid bacillus was no longer demonstrable in the unsterilised 
Thames water, which had been infected with it thirty-four days pre- 
viously. It had disappeared both in that portion of the water which had 
been preserved at a winter, as well as in that kept at a summer, tempera- 
ture. 

2. The B. coli communis, on the other hand, was easily demonstrable 
in similar water which had been preserved under precisely the same con- 
ditions. 

These infected unsterilised Thames waters were again submitted 
to examination on 21.6.1893, with the following results ":-— 
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Examination by Phenol Broth-culture on 21.6.1893. 
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3 drops 
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>> 
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The plate cultivations made from the above phenol broth tubes 
gave the following results : — - 

Broth tube. 
(86a.) Typhoid-infected Unsterilised Thames, Flash 1 Incubator, 

(Typhoid Absent,) 

The colonies were inoculated on to potatoes, on which a 
light brown growth, extending over the whole potato was 
obtained. On inoculation into gelatine tubes liquefaction 
followed, therefore certainly not typhoid. ISTo bubbles of gas 
appeared in the gelatine. 



(94.) Coli-infected Unsterilised Thames, Flask 2 Incubator. (B. 

coli Present,) 

The plate had the appearance of being a pure cultivation of 
B. coli, with the characteristic colonies, yielding characteristic 
growth on potatoes, also indol reaction, and gas bubbles on 
inoculation into melted gelatine tubes. B. coli, therefore, 
present. 

(95.) Coli-infected Unsterilised Thames, Flash 1 Refrigerator. (B. 

coli Present.) 

Exactly similar results were obtained with this as with 
No. 94 above. B. coli, therefore, present. 



Report on the Bacteriology of Water. 



431 



Thus, on this day (21.6.1893) as on the occasion of the previous 
examination (14.6.1893), the typhoid bacilli were no longer demonstrable 
in the unsterilised Thames water into which they had been introduced on 
11.5.1893. The B. coli communis, on the other hand, was again easily 
discoverable under the same circumstances, i.e. r forty days after its intro- 
duction into the unsterilised Thames water. 

The typhoid-infected unsterilised Thames water was again simi- 
larly examined on 26.6.1893, with the following results : — 



Examination by Phenol Broth-culture on 26.6.1893. 
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The plate cultivations made from the above phenol broth tubes 
yielded the following results : — 

Broth tube. 
(96.) Typhoid-infected Unsterilised Thames, Flash 1 Incubator. 

(Typhoid Absent.) 

The plates contained some small colonies presenting some 
resemblance to typhoid ; on being transferred to potatoes they 
yielded light brown growths unlike typhoid, and on being 
inoculated into gelatine green fluorescence without liquefaction 
was obtained. These colonies were, therefore, not those of 
typhoid. 

(97.) Typhoid-infected Unsterilised Thames, Flash I Refrigerator. 

(Typhoid Absent.) 

The plates exhibited two types of colony, firstly, liquefying 
ones which could not be typhoid, and, secondly, small depth 
colonies, which on transference to potatoes gave thick greyish- 
brown growths wrinkled in parts, and on inoculation into 
gelatine tubes caused subsequent liquefaction. These were, 
therefore, not typhoid. 
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This examination, made on 26.6.1893, confirmed, therefore, the two 
previous examinations of 21.6.1893 and 14.6.1893, which showed that 
the typhoid bacillus, introduced on 11.5.1893, was no longer discoverable 
in the unsterilised Thames water. 

Tlie final examination of these waters was made on 5,7.1893, 
thus- — 

Examination by Phenol Broth-culture on 5.7.1893. 
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o£ water 

taken 

in c.c. 



Quantity 
of phenol 
solution 
added to 

10 c.c. 

broth. 



Remarks. 



Flask 11.. 


l'O 


3 drops 


,, IE, 
Flask 11.. 

,, X Jtv . < 


1-0 
1*0 
1-0 


5 drops 

5> 



Flask II.. 

,, JL J.V • < 

Flask II.. 

,5 1 Hi • . 



Unsterilised Uninfected Thames. 



Turbid in 48 hours, 

7.7.1893. 
Ditto. 

Not turbid in 6 days. 
Ditto. 



Typhoid infected Unsterilised Thames. 



Turbid in 72 hours. 

8.7.1893. 
Turbid in 48 hours. 

7.7.1893. 
Not turbid in 6 days. 
Ditto. 



Plates poured 



1*0 


3 drops 


1-0 


>> 


1-0 
1*0 


5 drops 

35 



Plates poured 
Plates poured 



Thus, whilst the broth tubes containing only 3 drops of phenol 
still became turbid when inoculated with both uninfected and in- 
fected waters, the broth tubes to which 5 drops of the phenol solution 
were added remained clear after inoculation with both waters. 

The plate cultivations made from the above broth-tubes, which 
became turbid, yielded the following results : — 

Broth tube. 
(106.) Unsterilised Uninfected Thames, Flash 1 Incubator. 

The plates exhibited a large number of hig-hly fluorescent 
expansion colonies without liquefaction ; some of the least 
fluorescent of these colonies, and bearing therefore a faint 
resemblance to typhoid, were transferred to potatoes, on which 
they gave rise to light brown, sharply demarcated growths, 
quite unlike typhoid. No gas bubbles were produced on in- 
oculation into melted gelatine tubes. 
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Broth tube. 
(107.) Unsterilised Uninfected Thames Flash 1 Refrigerator. 

The plates exhibited an apparently pure cultivation of a 
liquefying organism, the colonies having a strong resemblance 
to those of B. liquidus (see 2nd Report, p. 186). Some of the 
colonies which had not yet caused liquefaction were trans- 
ferred to potatoes, on which they gave rise to thick, whitish, 
waxy growths, quite unlike those of typhoid. 

(108.) Typhoid-infected Unsterilised Thames, Flash 1 Incubator. 

(Typhoid Absent.) 

The plates contained fluorescent expansion, liquefying and 
small dot colonies. All three types of colony were transferred 
to potatoes, on which the small dot and fluorescent expansion 
colonies gave rise to light brown sharply marked growths, and 
the liquefying colonies to shining slimy colourless growths ; 
none of these were, therefore, similar to those of typhoid. 

(109). Typhoid-infected Unsterilised Thames, Flash 1 Refrigerator, 

{Typhoid Absent.) 

The plates appeared to be pure cultivations ; the depth 
colonies were small dots, often oval in shape, and the surface 
colonies resembled very small a milk-drops ; " even on the plate 
in which the colonies were few and far between there were 
none of the typical expansion colonies resembling typhoid. 
On transference to potatoes, shining slimy growths, having 
the appearance of drops of water, were obtained. 

This final examination of these unsterilised typhoid -infected 
Thames waters therefore again confirmed the previous results, which 
may be thus summarised : — 

(1.) The unsterilised uninfected Thames water, collected at 
Hampton on 5.5.1893, contained throughout the 
entire course of the series of experiments no bacteria 
resembling either the typhoid bacillus or the B. coli 
communis. 

(2.) The unsterilised Thames water infected with typhoid 
on 11.5.1893, was still found to contain living typhoid 
bacilli on 5.6.1893, or twenty-five days after infection, 
whilst on 14.6.1893, thirty- four days after infection, 
they were no longer demonstrable. 

(3.) These remarks apply equally to the waters preserved at 
a winter and a summer temperature respectively, 
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although there is some evidence that on the last day 
of their detection the typhoid bacilli were present, 
either in larger numbers or in a more active state in 
the water maintained at the winter than In that at 
the summer temperature- 
(4.) The same unsterilised Thames water Infected with the 
B. coli communis on the same day 7 and kept under pre- 
cisely similar conditions of temperature, <&e., was still 
found to contain living coli bacilli forty days after 
their Introduction, These bacilli doubtless persisted 
in the living state, even for a much longer period of 
time than this, no later examinations being made; 
and on the occasion of their last detection they did 
not appear to have lost any of their original vitality, 
as they still promptly reacted with the phenol broth 
test. 

Experiments on the Influence of the Addition of Salt to the Unsterilised 

Typhoid-infected Thames Water. 

In the recent cholera epidemic at Hamburg, it is now almost 
"universally recognised that the most important agent in distributing 
the zymotic poison was the highly polluted and unfiltered water of 
the River Elbe. This water, moreover, during the epidemic was 
found to be unusually rich in salt, in fact at times it was distinctly 
brackish in character. Thus a sample of Hamburg water sent to me 
by Mr. Ernest Hart in October, 1892, and which I submitted to 
analysis, had the following composition : — 

Sample of Hamburg Water received from Mr. Ernest Mart. 
Results of Analysis expressed in Parts per 100,000. 



" "" " "" 

Total 

solid 

mafcters. 


Organic 
carbon. 


Organic 
nitrogen. 

0-088 


Ammonia. 


Nitrogen 

as 


Chlorine. 
31*3 




Hardness 


I 


Free. 


Albumin- 
oid. 


nitrates 

and 
nitrites. 




Tempo- 
rary. 


Per- 
manent. 


Total. 


78*00 


-926 


0-030 


0-047 


4*1 


13-7 


17-8 

i 



Oxygen consumed by organic matter, as measured by reduction of a solution of permanganate 
acting for three hours in the cold = 0*366. 

The water was very turbid, depositing a quantity of brown suspended matter. 



The high percentage of salt is due to the waste liquors which are 
discharged from the Stassfurth salt works and other factories into 
the Elbe and its tributaries. Now it has been more recently shown 
(Trenkmann, " Beit rag zur Biologie des Kommabacillus," ' Central bl 
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f. Bakteriologie,' vol. 13 (1893), p. 313) that the addition of sodium 
chloride, and of other salts in certain proportions, to water containing* 
the cholera bacilli causes a most remarkable multiplication of the 
latter, as may be seen from the following table, given by Trenkmann, 
which exhibits the effect of making such additions to a sterilised well 
water, which had been purposely infected with cholera bacilli. 

Addition of various Salts to Sterilised Well Water containing 

Cholera Bacilli. 




(1.) lOc.c. 



(2.) 


• 55 


(3.) 


55 


(4.) 
16.) 


55 


55 


(6.) 


55 


(7.) 


i) 


(8.) 


)' 


(9.) 


55 


(10.) 


55 


(11.) 


55 


(12.) 


55 


(13.) 


55 


(14.) 


55 


(15.) 


55 


(16.) 


55 


(17.) 


5) 



r 

sterile well water , \ 

+ 1 drop* 10 per cent, sodium chloride .... 
+ 2 drops „ ,, ,, .... 

+ O ,, ,, ,, ,, .... 

+ 1 drop „ „ nitrite 

+ 2 drops „ „ „ 

4-3 

~ " J) 55 55 j, ..... v 

4-ldrop ,, „ nitrate 

+ 2 drops „ „ „ 

"•" ^ 55 5' )> 5) 

+ 1 drop ,, disodium phosphate . 

+ 2 drops „ ,, „ 

"" " )> 5) 55 55 • 

+ 1 drop „ sodium carbonate . . . 

+ 2 drops „ „ „ 

4- o ,, ,, ,, ,, . . . 

+ 2 ,, „ ■ „ chloride and 

1 drop 10 per cent, disodium phosphate 



(Trenkmann.) 


Number of cholera 


bacilli in 1 needle loop. 


After 


After 


24 hours. 


8 days. 


580 
520 


} • 


6,120 


12,480 


9,240 


19,560 


15,000 


10,440 


1,740 


10,920 


6,600 


1,460 


17,160 


2,260 


8,040 


4,040 


6,660 


14,760 


20,940 


16,080 


3,360 


— 


7,560 


— 


6,540 


— 


7,440 


— 


28,680 


— 


31,560 


— 


54,720 





* 25 — 27 drops = 1 c.c. 



These results show that the presence of an unusually high propor- 
tion of salts may not improbably have played an important part in 
the distribution of cholera by means of the water of the Elbe in the 
recent Hamburg epidemic, and possibly also by means of the 
Thames water in some of the former London epidemics, as at that 
time the metropolitan supply was in part derived from the tidal 
portion of the river. 

In view of these circumstances, it appeared to me to be of con- 
siderable interest to ascertain whether and in what way the behaviour 
of the typhoid bacillus in water is affected by additions of salt, and, 
with this object, the following experiments were undertaken : — 



436 Profs. Percy Frankland and Marshall Ward. 

Preparation of the Saline Waters. — The saline waters employed were 
of three different strengths — 

(a.) Containing 01 per cent, sodium chloride. 
(6.) „ 1-0 

(c.) „ 3*0 



?5 5? 



Three portions of pure sodium chloride, weighing respectively 0*5, 
5*0, and 15*0 grams, were sterilised in the air-oven at 150° C. for 
several hours, and then placed in three sterile 500 c.c. measuring- 
flasks . To each of these was added sufficient of the typhoid-infected 
unsterilised Thames water (p. 410) to dissolve the salt, and the 
solution was in each case further diluted to the 500 c.c. mark with 
the same infected unsterilised Thames water. These saline waters 
were then distributed in smaller flasks plugged with cotton-wool, and 
two of the latter of each particular strength were placed in the 
refrigerator at 6 — 8° C, and two in the incubator at 19° C. Thus there 
were 

Unsterilised typhoid-infected Thames water f 2 flasks refrigerator 
4-0*1 per cent, salt 12 „ incubator 

Unsterilised typhoid-infected Thames water f 2 flasks refrigerator 
+ 1*0 per cent, salt 1 2 ,, incubator 

Unsterilised typhoid-infected Thames water f 2 flasks refrigerator 
-f 3*0 per cent, salt 12 „ incubator 

These saline waters, like the others, were prepared on 11.5.1893, 
and were examined by gelatine plate cultivation at frequent intervals 
subsequently. The results obtained must obviously be compared 
with those from the typhoid-infected unsterilised Thames water, to 
which no salt was added, and which have already been recorded in 
the Table on pp. 415 and 416, but which are again given, so as to 
facilitate comparison, in the first column of the following table : — - 
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From the above table it will be seen that the addition of common 
salt to the typhoid-infected unsterilised Thames water occasioned an 
enormous increase in the number of water-bacteria, the effect beins* 
most pronounced in the case of the water to which 3 per cent* 
addition had been made, whilst the water which had received an 
addition of only 0*1 per cent, of sodium chloride gave results which 
did not differ materially from those yielded by the water to which no 
salt had been added. 

The addition of salt was by no means conducive to the welfare of 
all the different kinds of water-bacteria present, but, on the contrary, 
from the appearance of the plate cultivations, it was evident that 
some forms were favoured at the expense of others ; thus, on the 
plates prepared from the 3 per cent, salt water, there was a con- 
spicuous absence of liquefying colonies, these plates having, in fact, 
almost the appearance of pure cultivations. This entirely bears out 
what I found a number of years ago (" On the Multiplication of 
Micro-organisms," 4 Proc. Roy. Soc.,' 1886), that in a water containing 
only a very limited number of species there is generally far more 
extensive multiplication than in the case of one containing many 
different species. 

The manner in which the salt operated is most apparent from that 
flask of the water to which an addition of 3 per cent, had been made, 
and which was preserved in the refrigerator (6 — 8° 0.), as in this 
case the multiplication took place most slowly. Thus, whilst the 
water at the outset contained 78,000 bacteria per c.c, of which nearly 
all were typhoid bacilli, after six days there were only 300 bacteria 
per c.c, so that there must have been an enormous destruction in the 
interval, but the bacteria left subsequently underwent enormous 
multiplication, although more slowly than in the case of the corre- 
sponding flask kept in the incubator (19° C). 

In all cases it will be seen that the multiplication was followed by 
decline, but this decline was greatly retarded in those waters which 
had received the large additions of salt. 

We must now consider the effect of these additions of salt on the 
typhoid bacilli in the waters, as indicated by the results of phenol 
broth- culture. 

These saline waters were first submitted to phenol broth- culture on 
29.5.1893, with the following results : — 
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Examination by Phenol Broth-culture, 29.5.1893. 






Water 

used for 

cultivation 

with 
phenol broth. 


Quantity 


Quantity 
of phenol 






Number 
broth tu 


of water 
taken 
in c.c. 


solution 
added 

to 10 c.c. 
broth. 


Eemarks. 






Typhoid-in 


fected Tin 


sterilised Thames + 0*1 per cent. jSFaCl. 


I 


(9) 


Flask 11.. 


0-5 


5 drops 


Did not become turbid even in 
days. 


1 

seven 


(10) 


5) 


1-0 


33 


33 m 33 


33 


(11) 


Flask IE.. 


0*5 


33 


Turbid in 24 hours. Plates poured 










30.5.1893. 




(12) 


33 


l'O 


33 


33 33 


33 




Typhoid-infected Unsterilised Thames + 1*0 per cent. NaCl. 




(13) 


Flask 11.. 


0-5 


5 drops 


Did not become turbid even in 
days. 


seven 


(14) 


3) • • 


1-0 


33 


33 33 


33 


(15) 


Flask IE., 


0-5 


33 


3> 33 


:3 


(16) 


33 


1-0 


33 


33 33 


3» 

i 




Typhoid- infected Unsterilised Thames + 3 per cent. ISTaCl. 


f 


(IV) 


Flask 11.. 


0-5 


5 drops 


Did not become turbid even in 
days. 


seven 


(18) 


„ • . 


1-0 


33 


33 33 


33 


(19) 


Flask IE.. 


0-5 


33 


93 33 


» ! 


(20) 


33 • • 


1-0 


33 


53 33 


33 ! 

1 

i 



Thus, the only saline water which gave a positive reaction with the 
phenol broth test was the one in which an addition of only 01 per 
cent, of salt bad been made, and, even in this case, it was only the 
flask which had been kept at the winter temperature of 6—8° C. in 
the refrigerator, whilst the corresponding flask preserved at the 
summer temperature of 19° C. gave a negative result, Plate cultiva- 
tions were made of the turbid broth-tube "No. 11, and these yielded 
the characteristic typhoid colonies, which were further confirmed by 
potato growth, and negative results with the indol and gas-bubble tests. 
On referring to the results of phenol broth- culture (pp. 424 — 434) 
obtained with the corresponding waters to which no salt had been 
added, it will be seen that they present a great contrast to these, as 
both the incubator and refrigerator flasks of the typhoid-infected 
unsterilised Thames water gave a positive reaction, and were found 
to contain living typhoid bacilli. 

From these examinations ii appears then that on 29.5.1893, or eighteen 
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days after infection, the unsterilised Thames water still contained living 
typhoid bacilli, as did also the same water to which 0*1 per cent, common 
salt had been added, and ivhich had been preserved at 6 — 8° C. ; on the 
other hand, in the unsterilised Thames waters to which TO and 3*0 per 
cent, respectively of salt had been added, as well as in that which had 
only received 0*1 per cent, salt, but which had been hept at 19° C, the 
typhoid bacilli were no longer demonstrable. 

These saline waters were again examined by phenol broth-culture 
on 5.6.1893, with the following results : — 

Examination by Phenol Broth- culture, 5.6.1893. 



at 



fc 



(25) 

(26) 
(31) 

(32) 



(27) 

(28) 
(33) 

(34) 



(29) 
(30) 
(35) 
(36) 



Water 

used for 

cultivation 

with phenol 

broth. 





Quantity 


Quantity 


of phenol 


of water 


solution 


taken 


added 


in c.c. 


to 10 cc. 




broth. 



Remarks . 



Typhoid-infected Unsterilised Thames ■+• 01 per cent. NaCl. 

Turbid in 48 hours (pellicle on broth). 

Plates poured 9.6.1893. 
Turbid in 48 hours. 
Turbid in 24 hours. Plates poured 

G.6.1893. 
Turbid in 24 hours. 



Typhoid-infected Unsterilised Thames + 1 per cent. NaCl. 



sk 1 I . . 


0*5 


3 drops 


5J • • 

sk 1 R . . 


1-0 
0*5 




?> 


1-0 


>.» 



Flask 1 I 



>» 



Flask IE,. 



>> 



Typhoid 
Flask 1 I . 



ii 



Flask 1 R . 



n 



0-5 

1*0 
0-5 

1-0 



3 drops 



>> 



Turbid in 48 hours. Plates poured 

9.6.1893. 
Turbid in 48 hours. 
Turbid in 72 hours. Plates poured 

9.6.1893. 
Turbid in 48 hours. 



infected Unsterilised Thames •+ 3 per cent. ISTaCl. 



Not turbid until 8 days. Plates poured 

13.6.1893. 
Turbid in 72 hours (pellicle on broth). 

Plates poured 9.6.1893. 
Not turbid until 8 days. Plates poured 

13.6.1893. 
Not turbid until 8 days. 



0*5 


3 drops 


■ V 1'0 


;> 


0*5 


5J 


1-0 


J5 



Thus from the above the only water in which the presence of 
typhoid was still with certainty to be expected was the on§ to which 
0*1 per cent, salt had been added, and which had been kept at 6 — 8° 0. 
in the refrigerator, for this was the only one which gave a positive 
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result with the phenol broth in twenty-four hours, and although 
several others gave the reaction in forty-eight hours, it will be seen, 
by reference to p. 427, that even the uninfected unsterilised Thames 
water gave the turbidity in forty- eight hours when examined on the 
same day. 

The plate cultivations made from the above turbid broth tubes 
gave the following results : — 

Broth tube. 

(31.) Typhoid-infected Unsterilised Thames -f- 1 per cent. NaCI, 
Flash 1 Refrigerator. (Typhoid Present.) 

The colonies on the plate resembled those of typhoid, and 
they were confirmed by potato growth, negative indol, and gas- 
bubble tests. 

(35.) Typhoid-infected Unsterilised Thames -f 3 per cent. NaCl, 
Flash 1 Refrigerator. (Typhoid Absent.) 

The colonies presenting any sort of resemblance to those of 
typhoid were transferred to potatoes, on which they gave a 
pink grow r th, therefore certainly not typhoid. 

(29.) Typhoid-infected Unsterilised Thames -f 3 per cent. INTaCl, 

Flask 1 Incubator. (Typhoid Absent.) 

Results similar to those obtained with No. 35 above. 

(25.) Typhoid-infected Unsterilised Thames +0*1 per cent. NaOl, 

Flash 1 Incubator. (Typhoid Absent.) 

Results similar to those obtained with Kos. 35 and 29 above. 

(27.) Typhoid-infected Unsterilised Thames -j~ 1 per cent. NaCl, 

Flash 1 Incubator. (Typhoid Absent?) 

The colonies presented some resemblance to those of typhoid, 
as did also the potato growths; on inoculating from latter, 
however, into gelatine tube, the gelatine underwent slow 
liquefaction, clearly showing that it was not really typhoid. 

(33.) Typhoid-infected Unsterilised Thames + 1 per cent. NaCl, 
Flash 1 Refrigerator. (Typhoid Absent.) 

The colonies which presented any sort of resemblance to 
those of typhoid were transferred to potatoes, on which they 
gave a pink growth, and, on inoculating into gelatine tubes, 
gas bubbles were formed, followed by liquefaction. Therefore, 
certainly not typhoid. 
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Broth tube. 

(30.) Typhoid-infected TJnsterilised Thames -f 3 per cent. ]STaCI, 

Flash 1 Incubator. (Typhoid Absent.) 

The colonies presented some resemblance to typhoid, so they 
were further examined by potato growth, indol, gas-bubble, 
and milk tests, in all of which the resemblance was maintained. 
Microscopically, the bacilli appeared smaller than typhoid, but 
the difference was not sufficient to place the matter beyond 
doubt. They were finally proved not to be typhoid by keeping 
the gelatine tube cultures for some time, when both the surface 
and depth growths were found to be distinctly yellow in colour. 
I have repeatedly encountered this same organism, which 
might be mistaken for typhoid in its earlier appearance in 
plate cultures, but it must clearly be understood that the 
resemblance is only a superficial one, and it was only sub- 
mitted to so many tests because in these examinations anything 
bearing the slightest resemblance to typhoid was remanded 
for further enquiries. 

These saline waters were again examined by phenol broth-culture 
on 13.6.1893, with the following results :— 
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<x> 

! ° ^ 

j <D _, 

! is 



(73) 

(74) 
(79) 

(80) 



(75) 

(76) 

(81) 

(82) 



(77) 

(78) 
(83) 
(84) 



Examination by Phenol Broth-culture on 13.6.1893. 



Water 

used for 

cultivation 

with 

phenol broth. 



Quantity 

of water 

taken 

in c.c. 



Quantity 

of phenol 

solution 

added 
to 10 c.c. 

broth. 



Remarks. 



Typhoid-infected unsterilised Thames + O'l per cent. NaCl. 



Mask II.. 



55 



Flask IE.. 



55 



1-0 


3 drops 


0-5 
l'O 


55 

5) 


0-5 


55 



Turbid in 24 hours. Plates poured 

14.6.1893. 
Turbid in 48 hours. 
Turbid in 24 hours. Plates poured 

14.6 J 893. 
Turbid in 48 hours. 



Typhoid-infected unsterilised Thames + 1*0 per cent. NaOl. 



Turbid in 24 hours. Plates poured 

14.6.1893. 
Turbid in 48 hours. 
Turbid in 24 hours. Plates poured 

14.6.1893. 
Turbid in 24 hours. 



Typhoid-infected unsterilised Thames + 3 per cent. NaCl. 



Flask 11.. 


1-0 


3 drops 


Flask 1H.. 


0-5 
1-0 


55 
55 


55 • • 


0-5 


55 



Flask II.. 



5» 



Flask 1H.. 

5) 



1-0 


3 drops 


0-5 


55 


1-0 


5? 


0-5 


55 



Turbid in 48 hours. Plates poured 

15.6.1893. 
Turbid in 48 hours. 
Turbid in 48 hours. 
Turbid in 48 hours. Plates poured 

15.6.1893. 



The six turbid broth tubes, indicated above as selected for further 
examination by gelatine plate culture, yielded the following results : — 

Broth tube. 

(73.) Typhoid-infected Unsterilised Thames -f O'l per cent. NaCl, 

Flash 1 Incubator. {Typhoid Absent.) 

The colonies yielded pink growths on potatoes and liquefied 
gelatine ; they were therefore not those of typhoid. 

(79.) Typhoid-infected Unsterilised Thames + 0*1 per cent. NaCl, 
Flash 1 Refrigerator. {Typhoid Absent.) 

The colonies presented some resemblance to typhoid, as did 

also the growths on potatoes obtained from them. ]STo indol 

reaction. On inoculating into gelatine tubes, the latter were 

found to very slowly liquefy on long keeping. On inoculating 

vol. lyi. 2 H 
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from such a liquefied tube on to potatoes, the same typhoid-like 
growth was obtained. This organism, which was again sub- 
sequently met with, might easily lead to a false diagnosis of 
typhoid, unless the gelatine tubes were preserved for some 
time. 

Broth tube, 

(75.) Typhoid-infected JJnsterilised Thames -\~ 1 per cent. NaOl, 

Flash 1 Incubator. (Typhoid Absent.) 

The colonies on transference to potatoes gave rise to light- 
brown growth, not like typhoid. 

(82.) Typhoid-infected JJnsterilised Thames + 1 per cent. JSTaCl, 
Flash 1 Refrigerator. (Typhoid Absent.) 

The colonies liquefied the gelatine, and gave rise to easily 
visible growths on potatoes. 

(78.) Typhoid-infected JJnsterilised Thames + 3 per cent. NaCl, 

Flash 1 Incubator. {Typhoid Absent.) 

The colonies gave rise to pink growths on potatoes ; there- 
fore certainly not typhoid. 

(84.) Typhoid-infected JJnsterilised Thames + 3 per cent. EaCl,. 
Flash 1 Refrigerator. (Typhoid Absent.) 

Same results as with No. 78 above. 

Thus in the case of none of these saline waters could a diagnosis of 
typhoid bacilli be made on 13.6.1893; by reference to p. 433 it will be 
seen also that on 14.6.1893 the typhoid bacilli tv ere no longer demonstrable 
in the unsterilised Thames water to which no salt had been added. 

These saline waters were again examined by phenol broth- culture 
on 21.6.1893, with the following results : — 
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Examination by Phenol Broth- culture, 21.6.1893. 



3 s 

.a 



£ 



(88) 
(91) 



(89) 
(92) 



(90) 
(93) 



Water 

used for 

cultivation 

with phenol 

broth. 



Quantity 

of water 

taken 

in e.c. 



Quantity 

of phenol 

solution 

added to 

10 c.c. 

broth. 



Remarks. 



Typhoid-infected Unsterilised Thames + 0*1 per cent. NaCl. 



Flask II.. 
,, 1 U ..« 



1-0 
1-0 



3 drops 



5) 



Turbid in 48 hours. Plates poured 
23.6.1893. 



5) 



33 



33 



33 



Typhoid-infected Unsterilised Thames + 1*0 per cent. ISTaCl. 



Flask II.. 
IE.. 



» 



l'O 
1*0 



3 drops 



33 



Turbid in 48 hours. Plates poured 
23.6.1893. 



33 



33 



3) 



33 



Typhoid-infected Unsterilised Thames + 3'0 per cent. NaCl. 



Mask II.. 

,, 1 XV • . 



1-0 
1-0 



3 drops 



jj 



Turbid in 48 hours. Plates poured 
23.6.1893. 



jj 



?> 



33 



3» 



Thus, on this occasion, all the waters reacted in forty-eight hours 
with the phenol "broth-solution. The following results were obtained 
on plate cultivating the turbid broth tubes : — 

Broth tube. 

(88.) Typhoid-infected Unsterilised Thames + 0*1 per cent. NaCl, 

Flask 1 Incubator. (Typhoid Absent.) 

The colonies on transference to potatoes yielded light brown 
growths, which were certainly not due to typhoid. 

(91.) Typhoid-infected Unsterilised Thames + 0*1 per cent. Nad* 
Flash 1 .Refrigerator. (Typhoid Absent.) 

The potato growths from colonies somewhat resembled 
typhoid ; there was also no indol reaction, but gelatine tubes 
were slowly liquefied by the organism, which was, therefore, 
not typhoid. (See similar experiences with No. 79, p. 443.) 

(89.) Typhoid-infected, Unsterilised Thames -f 1 per cent. Nad, 

Flash 1 Incubator. (Typhoid Absent.) 

The potato growths from colonies were thick and brown in 
colour, quite unlike those of typhoid. 

2 h 2 



446 



Profs. Percy Frankland and Marshall Ward. 



Broth tube. 

(92.) Typhoid-infected Unsterilised Thames -j- 1 per cent, !NaCl, 
Flask 1 Refrigerator. (Typhoid Absent.) 

The potato growths from colonies were pink in colour, and, 
on inoculation into gelatine, liquefied it. Certainly not 
typhoid, 

(90.) Typhoid-infected Unsterilised Thames -f- 3 per cent. NaCl, 

Flash 1 Incubator. (Typhoid Absent.) 

The potato growths from colonies were pinkish-white in 
colour and much too conspicuous for typhoid. 

(93.) Typhoid-infected Unsterilised Thames + 3 per cent, EaCl, 
Flash 1 Refrigerator. (Typhoid Absent.) 

The potato growths from colonies were of a dirty white 
colour, and on inoculation into gelatine the latter was lique- 
fied. Therefore, certainly not typhoid. 

Thus, again, on this occasion, 21.6.1893, it ivas found impossible to 
demonstrate the presence of typhoid bacilli in any of these saline waters. 

The saline waters were again examined by jDhenol broth-culture on 
26.6.1893, with the following results : — 

Examination by Phenol Broth-culture, 26.6,1893- 



1ST umber of 
broth tube. 


Water 

used for 

cultivation 

with 

phenol broth. 


Quantity 

of water 

taken 

in c.c. 


Quantity 

of phenol 

solution 

added 

to 10 c.c. 

broth. 


Remarks. 




Typhoid-ir 


fected Uf t 


sterilised 


Thames + 0*1 per cent. NaCl. 


(98) 
(101) 


Flask 11.. 


1-0 

53 


3 drops 

55 


Turbid in 48 hours. 

55 55 




Typhoid -infected Unsterilised Thames + 1*0 per cent. NaCl, 


(99) 
(102) 


Flask 11.. 
,, 1 E,. 


1-0 

33 


3 drops 

55 


Turbid in 48 hours. 

5> 55 




Typhoid -infected Unsterilised Thames + 3'0 per cent. NaCl. 


(100) 
(103) 


Flask 11.. 
,, IE-.. 


1-0 

35 


3 drops 

35 


Turbid in 48 hours. 

53 55 



These turbid broth tubes were submitted to plate cultivation on 
28.6.1893, and the following results obtained: — 
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Broth, tube. 

(98.) Typhoid-infected Unsterilised Thames -f- 0*1 per cent. ]N"aCl, 

Flash 1 Incubator. (Typhoid Absent.) 

The plates exhibited liquefying and small colonies respec- 
tively. From the small colonies, potatoes were inoculated, a 
brown and slimy growth being obtained, on inoculation from 
which into gelatine tubes, a blue, fluorescent, non- liquefying 
growth resulted. Thus nothing like typhoid was present. 

(101.) Typhoid-infected Unsterilised Thames + 0*1 per cent. ISTaCl? 

Flask 1 Refrigerator. (Typhoid Absent.) 

The potato-growths obtained from the colonies bore some 
resemblance to typhoid, although the surface was rather too 
shining. On inoculating into gelatine tubes, it was found that 
very slow liquefaction took place. This was, therefore, the same 
organism which had been several times before met with in this 
flask. Under the microscope the bacilli also present some re- 
semblance to typhoid, but they have squarer ends. 

(99.) Typhoid-infected Unsterilised Thames + 1 per cent. ISTaCl, 

Flask 1 Incubator. (Typhoid Absent.) 

On the plates there were small colonies forming surface ex- 
pansions with green fluorescence ; these gave rise, on potatoes, 
to thick, greyish-brown growths quite unlike typhoid. 

(102.) Typhoid-infected Unsterilised Thames -f 1 per cent. NaCl, 

Flask 1 Refrigerator. (Typhoid Absent.) 

The plates contained both liquefying and small colonies, the 
latter, on transferring to potatoes, gave strong, conspicuous, 
and flesh-coloured growths quite unlike typhoid. 

(100.) Typhoid-infected Unsterilised Thames + 3 per cent. NaCl, 

Flask 1 Incubator. (Typhoid Absent.) 

The plates contained small colonies forming surface expan- 
sions, which gave light brown growths on potatoes quite unlike 
typhoid. 

(103.) Typhoid-infected Unsterilised Thames + 3 per cent. NaCl, 

Flask 1 Refrigerator. (Typhoid Absent.) 

The plates contained liquefying and small colonies respec- 
tively, the potato-growths from the latter were strong, thick, 
waxy, and greyish- white, quite unlike typhoid. 

Thus, on this occasion (26.6.1893) again, the presence of typhoid 
bacilli could not be demonstrated in any of these saline waters. 

The final examination of these saline waters was made on 5.7.1893, 
with the following results : — 
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Examination by Phenol Broth-culture on 5.7.1893. 



P O 
,J2 






Water 

used for 

cultivation 

, with. 

phenol broth. 



Quantity 

of water 

taken. 



Kj*\/9 



Quantity i 

of phenolj 

solution | 

added I 
to 10 c.c.j 

broth, i 



Remarks. 



Typhoid-infected Unsierilised Thames + 0'1 per cent, NaCl. 



(113) 
(123) 
(116) 
(126) 



Flask 1 I -• • 



>> 



Mask IE.. 

3) 



1*0 



33 

3 3 
53 



3 drops i Turbid in 48 hours. 
5 „ I Not turbid in 6 daj^s. 



5 



33 



33 



33 



Turbid in 48 hours. 

Turbid in 6 days. Plates poured. 



(114) 
(124) 
(117) 

(127) 



Flask 11.. 


1-0 


3 drops 


33 ' * 

Flask 1 E .. 


3) 
33 


5 „ 
3 ,, 


33 • • 


33 


5 3, 



(115) 
(125) 
(118) 
(128) 



Typhoid-infected Unsierilised Thames + 1 per cent, NaOL 

Turbid in 48 hours. 

Not turbid in 6 days. 

Turbid in 24 hours. Plates poured 

6.7.1893. 
Not turbid in 6 days. 



Typhoid-infected Unsierilised Thames + 3 per cent, NaOL, 

Turbid in 72 hours. 
Not turbid in 6 days. 
Turbid in 48 hours. 
Not turbid in 6 days. 



Flask 11.. 


1-0 


3 drops 


33 • « 

Flask 1 R . . 


33 

33 


5 jj 


33 * « 


33 


5 „ 



Plate cultivations were made of the turbid broth tubes with the 
following results : — 

Broth tube. 
(113.) Typhoid-infected Unsierilised Thames + 0*1 per cent, ETaCl, 

Flash 1 Incubator. (Typhoid Absent.) 

The plates had the appearance of being pure cultivations of 
an organism producing fluorescent expansion colonies without 
liquefaction. The colonies in which fluorescence was least 
conspicuous and which had, therefore, most chance of being 
typhoid, were transferred to potatoes, on which they yielded a 
greyish-brown growth sharply distinguishable from the potato 
and quite unlike typhoid. 

(116.) Typhoid-infected Unsierilised Thames + 0*1 per cent, NaCl, 

Flask 1 Refrigerator. (Typhoid Absent.) 

The plates exhibited a number of small colonies giving rise 
to surface expansions something like those of typhoid. These 
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colonies, on being transferred to potatoes, again yielded incon- 
spicuous colourless growths very similar to those of typhoid. 
Negative results were also obtained with the milk, indol, and 
gas-bubble reactions. It was found, however, that the 
gelatine-tubes inoculated from these typhoid-like colonies 
underwent very slow liquefaction. This was, therefore, ob- 
viously the same organism which had been repeatedly 
obtained before from this flask, and the superficial resem- 
blance to typhoid of which has been already referred to (see 
pp. 445, 447). 

Broth tube. 
(114.) Typhoid-infected Unsterilised Thames + 1 per cent. NaCl, 

Flash 1 Incubator. (Typhoid Absent.) 

The plates contained fluorescent non-liquefying colonies. 
The less obviously fluorescent colonies on transference to 
potatoes yielded growths which were not sufficiently different 
from typhoid to decide, whilst the milk, indol, and gas-bubble 
tests were also negative. On inoculation into gelatine tubes, 
however, the latter became fluorescent. 

(117.) Typhoid-infected Unsterilised Thames ~f- 1 per cent. MaCl, 

Flash 1 lief rig er at or. (Typhoid Absent.) 

The plates exhibited a pure cultivation of bacillus, giving 
rise to small, cup -shaped, liquid colonies, probably B. liquidus 
(Percy Prankland), which is very frequently found to survive 
in the 3-drop phenol broth-cultures. 

(115.) Typhoid-infected Unsterilised Thames -f • 3 per cent. Nad, 

Flash 1 Incubator. (Typhoid Absent.) 

The plates exhibited small, milk- drop colonies, with slight 
tendency to expand. Microscopic examination showed them 
to be due to bacilli thinner than the typhoid bacillus, and on 
potatoes they yielded light yellow, shining growths, unlike 
those of typhoid. 

(118.) Typhoid-infected Unsterilised Thames + 3 per cent. NaCl, 

Flash 1 Refrigerator. (Typhoid Absent.) 

The plates contained a number of liquefying colonies, 
apparently B. liquidus (Percy Frankland), also some small 
colonies, some of which gave rise to very small surface ex- 
pansions and very small milk-drops. The potatoes inoculated 
from the milk-drop colonies yielded flesh-coloured growths, 
whilst those from the expansion colonies were not decisive. 



450 Profs. Percy Frankland and Marshall Ward. 

Plates were again poured from these potatoes, and verj small 
surface-expansion colonies again obtained, which, however^ 
again were not like those of typhoid, and gelatine tubes in- 
oculated from these yielded, in course of time, brown surface 
growths quite unlike typhoid. 

The results of these experiments with the unsterilised Thames 
water, to which O'l, 1, and 3 per cent, ol common salt respectively 
had been added, are instructive in more ways than one. Thus : — - 

(1.) They show that the addition of the salt stimulated the 
growth and multiplication of some of the water 
bacteria to an enormous extent, the effect being 
the most marked with the largest proportion of salt 
(3 per cent.), whilst the water to which only 0-1 per 
cent, of salt was added, behaved almost exactly like 
the untreated Thames water. 

(2.) This multiplication was, as usual, followed by decline, 
but the saline waters remained, even after six weeks, 
more densely, and with the larger proportion of salt 
much more densely, populated than the Thames water 
to which no salt was added. 

(3.) As regards the effect of the salt addition on the typhoid 
bacilli present in the water, the experiments show 
that they were most prejudicially influenced. Thus 
whilst on the eighteenth day after infection the 
typhoid bacilli were easily demonstrable in the ordi- 
nary un sterilised Thames water to which no salt had 
been added, and also in that which had received 0-1 
per cent, of salt and which had been kept at 6 — 8° C. y 
they were not discoverable in any of the waters to 
which 1 and 3 per cent, salt had been added, nor in 
that which had received only 0-1 per cent, salt, but 
which had been kept at the summer temperature of 
19° C. 

(4.) In the case of the 3 per cent, salt addition, I am of 
opinion that the rapid disappearance of the typhoid 
bacilli is largely due to the direct action of the salt, 
whilst in the case of the smaller proportions it may 
also be due to the great multiplication of some of the 
common water bacteria. 

Further experiments on the behaviour of typhoid bacilli in Thames 
water, to which salt had been added, were subsequently made (see 
pp. 530, et seq.), they proved entirely confirmatory of the results just 
recorded above, both as to the stimulation of the multiplication of the 
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water bacteria, and as to the more rapid disappearance of the typhoid 
bacilli. The directly prejudicial action of the salt on the typhoid 
bacillus was further demonstrated by the addition of salt to steam- 
sterilised Thames water containing typhoid bacilli. 

Behaviour of the Typhoid Bacillus and of the B. coli communis in 

Steam- sterilised Thames Water {First Series of 'Experiments) . 

It will now be interesting to consider the behaviour of these bacilli 
in the precisely parallel series of experiments made with the same 
sample of Thames water which had been previously sterilised by 
steam. These experiments are of importance more especially because 
they enable us to ascertain whether the water contains the necessary 
food materials for these particular bacteria, as, owing to the absence 
of other forms, it is now possible to determine how the actual numbers 
of these bacteria are affected by residence in the water. 

The infection and distribution of these steam-sterilised waters has 
already been described on pp. 410 and 411, so that I can pass at once to 
their subsequent examination, made both by gelatine plate and phenol 
broth- culture, at different intervals of time. 

In the table (p. 452) the fate of the typhoid bacilli introduced into 
the steam- sterilised Thames water on 11.5.1893, is followed over a. 
period of seventy-six days, and it will be seen that during this time 
their numbers underwent an almost continuous decline. Thus, whilst 
at the outset they were present to the number of, in round numbers, 
70,000 per cub, cm., at the end of this period their presence was 
only just demonstrable by gelatine plate cultivation at all, and not 
more than from 6 — 12 were discoverable in 1 cub. cm. The most 
important feature in this chronicle of their deportment is the circum- 
stance that they exhibited no multiplication or increase in numbers 
during their residence in the water, clearly showing, therefore, that 
the latter did not afford the nutriment and other conditions necessary 
for the proliferation of the typhoid bacilli. In fact, the decline from 
the commencement is an unbroken one, with the exception of the 
solitary observation of an increase from 27,000 on 22.5. 1893. to 42,000 
on 29.5.1893, in the case of the water maintained at a winter tem- 
perature. Whatever may have been the cause of this increase, it is 
not sufficiently great to be comparable with that extensive reproduc- 
tion which takes place in the case of those bacteria which are the 
natural inhabitants of water. Moreover, that the water was not 
suited to the well-being of the typhoid bacilli was further testified to 
by the fact that the colonies on the gelatine plates became smaller, 
feebler, and more degenerate as time went on, until on the occasion 
of the last few examinations, they were, with difficulty, recognisable 
as typhoid colonies, and exhibited a marked disinclination to form 
the characteristic growths expanding over the surface of the gelatine. 
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As regards tlie effect of the higher or lower temperature at which 
the waters were maintained, it appeared throughout the greater part 
of the time that the typhoid bacilli in the flask, kept at the summer 
temperature (19° C), suffered more rapid degeneration than those in 
the water, which was preserved at the winter temperature of 6° C, 
although quite at the last this relationship was reversed. 

It is interesting to contrast, with the above results, the behaviour 
of the B. coli communis placed under precisely similar conditions in 
the same water and over the same period of time. The results of 
this comparative investigation are recorded in the following table : — 
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From tlie above table it will be seen that the B. coli communis 
presents a great contrast to the typhoid bacillus in respect of its 
behaviour in this steam-sterilised Thames water. Thus, at the com- 
mencement of the experiment, both bacilli were present in about the 
same numbers, the typhoid-infected water containing 74,000, and 
the coli-infected water, 69,000 bacilli per 1 c.c. respectively, but 
whilst the subsequent numbers found in the typhoid-infected waters 
were invariably less than this initial number in the case of the coli-, 
infected waters, the initial number was subsequently very greatly 
exceeded, the observed multiplication being greatest in the water 
kept at a summer temperature. This multiplication was afterwards 
followed by a corresponding decline, but even at the end of the 
seventy-five days over which, the observations were extended, the 
number of the coli bacilli greatly exceeded that of the typhoid bacilli. 
It is, moreover, worthy of remark that the coli-infected water kept at 
19° C, in which the most extensive multiplication took place, ulti- 
mately contained a smaller number of coli bacilli than the water 
maintained at 6° C, in which the multiplication had been less con- 
siderable. 

The above results, obtained by the gelatine plate cultivation of the 
typhoid and coli-infected steam-sterilised Thames waters, were re- 
peatedly confirmed and supplemented by the method of phenol 
broth-culture, thus : — 
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Examination by Phenol Broth-culture on 5.6.1893. 
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Water 

used for 

cultivation 

with 

phenol broth, 



(53) Mask 1 I 

(54) 

(55) Flask 1 R 

(56) 

(61) 



(62) 
(63) 

(64) 
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Flask 1 I 
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Flask 1 R 



j? 
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1) 



o 



(52) 
(57) 

(58) 
(59) 

(60) 



JJ 



JJ 



}> 



JJ 



Quantity 

of water 

taken 

in c.c. 



Quantity 

of phenol 

solution 

added 
to 10 c.c. 

broth. 



Remarks. 



Typhoid-infected Steam-sterilised Thames. 



0*5 
1*0 
0-5 
1-0 
0-5 

1-0 
0-5 

1-0 



3 drops 



5) 

J5 



5 drops 



>5 



jj 



Turbid in 24 hours. 



55 


J> 


>) 


55 


J> 


JJ 



Turbid in 24 hours. Plates poured 

6.6.1893. 
Turbid in 24 hours. 
Very slight turbidity in 24 hours, 

pronounced turbidity in 48 hours. 
Turbid in 24 hours. 



Coli-infected Steam-sterilised Thames. 



Flask II.. 



Flask 1 R . . 



Flask II.. 



Flask 1 R . . 



0*5 
1-0 
0-5 
1-0 
0-5 

1-0 
0-5 

1-0 



3 drops | Turbid in 24 hours. 



5J 



5 drops 






■>•> 
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5J 


JJ 


55 


JJ 


5' 



Turbid in 24 hours. Plates poured 

6.6.1893. 
Turbid in 24 hours. 
Turbid in 24 hours. Plates poured 

6.6.1893. 
Turbid in 24 hours. 



These examinations by phenol broth-culture show, therefore, that, 
on 5.6.1893, the typhoid-infected steam-sterilised Thames water 
reacted already in twenty-four hours with the test, irrespectively of 
whether 3 drops or 5 drops of phenol solution were added to the 
10 c.c. of broth; whilst, by referring back to p. 427, it will be seen 
that the typhoid-infected unsterilised Thames water only reacted in 
twenty- four hours, even with the 3 drops of phenol solution, in the case 
of the water which had been kept at the winter temperature, whilst 
the summer temperature water only reacted after forty-eight hours. 
From these comparative tests it can be inferred, therefore, that, on 
the date in question, the typhoid bacilli were in a less vigorous con- 
dition in the unsterilised than in the sterilised water. 

Of the plate cultivations made from the turbid broth tubes Nos. 
61, 57, and 59, those from No. 61 yielded typical typhoid colonies 
which were confirmed by growth on potatoes and by negative results 
with the indol and gas-bubble tests ; the plates from Nos. 57 and 59, 
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on the other hand, yielded the typical colonies of the B. coli com- 
munis, and these were further confirmed by growth in potatoes, and 
by positive results with the indol and gas-bubble tests. 

The above phenol broth-culture tests were all made with 0*5 and. 
1*0 c.c. of the water, but on the same day (5.6.1893) some further 
experiments were made to incidentally determine whether much 
smaller volumes (a single drop) of water would react, and, if so, 
whether with equal rapidity. Thus — 



Examination by Phenol Broth-culture of Small Quantities 

of Infected Water, 5.6.1893. 
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5 „ ! Very slightly turbid in 24 hours ; tur- 

j bid in 48 hours. 
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5 ,, ; IS T ot turbid in 24 hours ', turbid in 48 

! hours. 
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The interest attaching to the phenol broth examinations consists in 
the circumstance that the actual number of typhoid and coli bacilli 
present in the volumes of water used can be calculated from the 
results of the plate cultivations made on the same day (see pp. 452 and 
454). Thus, it will be seen from the tables on pp. 456 and 457, that 
there was, in nearly all cases, practically no difference in the time 
which elapsed before the phenol broth tubes became turbid, irrespec- 
tively of whether 0*5 c.c, 1 c.c, or only 1 drop of the same water was 
employed ; for, even in the 1 drop of the water, it is apparent from 
the plate cultivations (p. 452) that there must have been upwards of 
1000 typhoid bacilli present, and a still larger number of coli bacilli 
in those waters infected with this bacillus. 
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Another examination by phenol broth- culture was made of the 
typhoid-infected steam-sterilised Thames water about one month 
later, on 5.7.1893 and on 6.7.1893, and for the last time on 25.7.1893. 
Thus — 



Examination by Phenol Broth-culture. 
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5.7.1893 
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j, 1 XV . . 
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3> 
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From the above it will be seen that even on 25.7.1893, when the 
plate cultivations (see p. 452) were only yielding about twelve 
colonies per c.c, and these colonies of a very feeble and degenerate 
character, the phenol broth- cultures of 1 c.c. of the w^ater still 
became turbid in forty-eight hours, and thus revealed the presence of 
living typhoid* bacilli with the greatest facility. 

On the other hand, when the number of typhoid bacilli in the 
water is smallj it may very easily happen that a phenol broth tube 
now and again may fail to go turbid (as in the case of Broth tubes 
443 and 444, see table above), and it is very necessary, therefore, to 
exercise great caution, and not to draw conclusions from a single 
observation, but only after a number of repeated trials. 

The examinations by phenol troth-culture of these infected steam- 
sterilised Thames ivaters thus entirely substantiate the results arrived at 
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by the direct method of plate cultivation, and show that both the typhoid 
and coli bacilli were still present in a living state in this water, irre- 
spectively of whether it had been preserved at a summer or a winter 
temperature, for a period of seventy-Jive days. 

Behaviour of the Typhoid Bacillus and of the B. coli communis in 
Thames Water sterilised by Filtration through Porous Porcelain. 
(First Series of Experiments.) 

The preparation and infection of this water has already been 
described (see pp. 410 and 411), and, as already indicated, the infected 
water was placed under precisely the same conditions of tempera- 
ture, &o„ as the steam-sterilised and unsterilised waters. In the 
periodical examination of this water the following results were 
obtained : — 
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The above results were most unexpected, for they show that, 
although, as many as 75,000 typhoid bacilli per 1 c.c. were introduced 
into this water, they were entirely destroyed in five days at 19° C, 
and had undergone a very large reduction in number at 6 — 8° C, 
whilst in twelve days they were no longer discoverable in this water 
kept at the low temperature. On 2.6.1893 sterile broth was added 
to the flasks, whicli were then placed in the incubator at 38° C, but 
even this treatment did not lead to any revivification of the typhoid 
bacilli, which could neither be detected by plate cultivation nor 
phenol broth- culture. 

The same rapid destruction of the B. coli communis was observed 
in this water, as will be seen from the following table :— 



2 I 2 



Profs. Percy Frankianct and Marshall Ward 



p 

C3 

<D 
Q 
U 
O 

Xfl 

& 
O 

o 
o 

O 

eg 

r—t 
•—I 

© as 

W nf\ 
-4^> , — | 



W 






§ n3 

-*S CD 



£ 






a 

c3 



o 
o 

o 

* 

K>. 1 , I 

o 



o 

>■ 



© 
© 






t3 

CD 

•9 

i£ <d 
O c8 

CO ft 

CD 
• m q-( 

O 

i-"-t 

O 

o 

o 

CD 







U 
O 

u 
CD 

CD 



o 
o 

p? 



rri O 
CD O £" 

a us 

»■{ /-) e* 

£ a g 

O <D 

"I- 

CSS Q-i 



o 



CD 



„ m © 

ft « "S 

o 4s as 

Co 



"TS 


o 


CD 


■■■■ j l> 


>*» 


C5 


o 


?-i 




CD 


&4 


fctO 


CD 


CD 


eft 


03 

r""l 


03 




epj 




u 


^ 


<ti 


SM 


fm~i 


o 


P 


..ji^t 


© 


sS 




,£2 


^ 


P* 


CI 


o 


t 1 


P5 



^J' 


en 
PI 




© 

»l-f 


O 

• p-4 
S3 


CD 


fc> 


«S 


$3 


-ia 


a 


O 


r- *** 


CD 


ro 


O 


?H 


0") 




cj 


c3 


<D 
.08 


^ 



pLi 



O 

o 

CO 
00 



o 



CO 



o 



© 



© 



© 






: 




' 








P! Pi 
c3 cl- 


c3 g3 


r-t|K5 rHj© 


t-4 







n3 
PI 



cj3 



^1h 











: 




Tf 


as © 


|> £«!»■ 


( 
















O 

T3 



CD 



p^ 



yawRy 



P^ 



P^ 



rH }j vH 



r-t 



rH 






CO 
00 



rH 



CO 

00 

rH 



00 
Oi 
(30 

CO 



eo 

C>i 

oo 

f— < 

id 

© 
CO 



Report on the Bacteriology of Water. 463 

Thus, in the case of the B. coli communis again, there was the same 
disappearance in five clays of the bacilli in the water kept at 19° C, 
the great diminution in numbers in the same time in the water kept 
at 6 — 8° C, followed by complete disappearance of the bacilli in ttns 
water also by the twelfth day. Similar attempts made by the addi- 
tion of sterile broth to resuscitate the bacilli in these waters also 
proved unavailing. 

These results, showing that the typhoid and coli bacilli were more 
rapidly destroyed in the porcelain-filtered than in the unsterilised, 
and far more rapidly than in the steam -sterilised, Thames water, 
were so surprising that it was necessary to banish every suspicion 
of some accidental disturbing cause having arisen in these experi- 
ments. 

The most obvious suggestion was that the filter itself might have 
introduced some antiseptic substance into the water. This was, 
tiowever., highly improbable, as the filter in question had only been 
previously used for the similar sterilisation of Thames and Loch 
Katrine waters. In order to abolish this objection, however^ the 
porcelain cylinder was thoroughly scrubbed externally with a tooth- 
brushy and then upwards of 30 litres of distilled water passed 
through it. The filter was then steam sterilised and employed for 
the filtration of some more of the same Thames water, which was 
infected with typhoid and coli as below. Thus — 

(a.) Typhoid Bacillus. — 20 needle-loops were taken from an agar 
cultivation of the typhoid bacillus of nine days age and introduced 
into 50 c.c. of steam-sterilised water ; after thoroughly shaking, 
3 c.c. of this water-attenuation were added to 750 c.c. of the por- 
celain-filtered Thames water. 

(b.) Bacillus coli communis. — The infection was made in exactly the 
same way in every detail, the agar culture being also of the same 
age. 

The waters thus infected with typhoid and ooli respectively were 
subdivided into smaller flasks, some of which were placed as usual in 
the incubator at 19° C. and others in the refrigerator at 6—8° 0* 
The following results were obtained on examination :— 
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These results, therefore, entirely confirm those previously obtained, 
the disappearance of both the typhoid an4 coli bacilli being even still 
more rapid than on the former occasion. 

Results of a similar character were also subsequently obtained with 
other waters sterilised by filtration (see pp. 479, 483, 502), in seme 
of which, moreover, totally different filters, constructed of infusorial 
earth, were employed. 



Second Series op Experiments. 

The Behaviour of the Typhoid Bacillus and of the B. coli communis in 

Loch Katrine Water. 

Having, in the first series of experiments, determined the behaviour 
of these bacilli in a typical calcareous surface water like that of the 
Thames, which receives the drainage from cultivated land, I pro- 
ceeded in the next instance to carry out a somewhat similar series o 
experiments with Loch Katrine water, which may be taken as a type 
of an upland surface water derived almost exclusively from unculti- 
vated land, and of a somewliat peaty character. 

The sample of Loch Katrine was collected from a tap on the main 
in the Broomielaw, Glasgow, on June 30th, 1893. 

Submitted to plate cultivation on the spot, it was found to contain 
112 bacteria in 1 c.c, whilst on chemical analysis it yielded the 
following figures : — 

Results of Analysis expressed in Parts per 100,000. 





Loch Katrine 

water 

uninfected. 


Loch Katrine 
water infected 
with typhoid. 


Loch Katrine 

water infected 

with JB. coli. 


Organic carbon 1 by combus- 
Organic nitrogen j tion .... 
Organic nitrogen (by Kjeldahl 


2-60 

0-185 

0*019 

0*013 


0-006 

0-144 

006 
0*025 
0-65 


0-8 
0-8 

8*14: 1 



-013 

0-151 

0-65 


0-140 
0-65 


Oxygen consumed by organic 


Nitrogen as nitrates and ni- 


Temporary hardness ......... 




[ Total „ 


Proportion of organic carbon 
to organic nitrogen in sus- 
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Infection of Loch Katrine Water with Typhoid and B. coli communis, 

4.7.1893. 

The cultures of the bacilli employed were on agar, and in both 
cases twenty-eight days old. In the case of the typhoid bacillus 40 
needle-loops, and in that of the coli 25 loops, were taken from the 
surface of the agar, removing* as little of the culture-material as 
possible, and introduced in each case into 50 c.c. of steam-sterilised 
water, which was then violently shaken to ensure disintegration of 
the bacterial masses. The experimental waters were then infected 
from these water-attenuations as follows :— 





Typhoid bacillus. 


Bacillus coli communis. 


Unsterilised Loch Ka- 
trine water 

Steam-sterilised Loch 
Katrine water 

Porcelain-filtered Loch 
Katrine water 


2,000 c.c. infected with 
8 c.c. of water attenua- 
tion 

750 c.c. infected with 
3 c.c. of water attenua- 
tion 

750 c.c. infected with 
3 c.c. of water attenua- 
tion 


1,000 c.c. infected with 
3 c.c. of water attenua- 
tion. 

750 c.c. infected with 
2 c.c. of water attenua- 
tion. 

750 c.c. infected with 
2 c.c. of water attenua- 
tion. 



These infected waters, after thorough agitation, were then, as in 
previous experiments, subdivided amongst a number of small sterile 
conical flasks, plugged with sterile cotton-wool ; in each case some of 
these flasks were placed in the incubator at 19° C, whilst others were 
kept in a refrigerator at 6—8° 0, The uninfected unsterilised Loch 
Katrine water was also put into similar flasks, which were kept under 
precisely similar conditions for control. 



1. Bacteriological Examination of the Unsterilised Uninfected Loch 

Katrine Water. 

The control-waters were submitted to periodical examination both 
by gelatine-plate and phenol-broth culture 5 with the following 
results :— 
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In this unsterilised uninfected Loch Katrine water it will he seen 
then that distinct, but only very restricted, multiplication took place^ 
which was, as usual, followed by subsequent decline. 

The examinations by phenol-broth culture of the uninfected un- 
sterilised Loch Katrine water will be best considered along with the 
similar examinations made of the infected unsterilised waters (see 
p. 4*72, et seq.), 

2. Bacteriological Examination of the Infected Unsterilised Loch 

Katrine Water, 

The Loch Katrine waters, infected with typhoid and the B. coli 
communis respectively, were periodically examined, both by gelatine- 
plate and phenol-broth culture, with the following results :— 



Report on the Bacteriology of Water. 



469 



CO 

Oi 

00 

H 

• 

H-s 

o 

•^ 
.PI 



GO 



m 

u 

• 1—t 

ph 



© 
© 

rH 

o 

u 

<HH 

© 
P 

•r-l 

c3 

-+3 

rO 
O 

© 

P O 

o 

r— I 

o 
© 

o 

© 



© 

■4-i 
C3 



P 



rJ4 
<» 

o3 
cp 

o 

PH 
© 

*S 

© 

(3 



c3 
=P 

Ph 
O 

c3 

p 

o 

PI 



BO 

© 

•r-l 

PI 

o 

r— I 

O 

o 

Pi 

«+H 
© 



© 
1=1 

■o 

os 

CO 



P! Q-O 

^ °° O 

p--3 

0«P Pjh 

< — I r— I -4-S 

o „. 



© 






>> 



-^ 
- Pi .2 

O CC 

•kOv rS • |_l 

H3 





bJD ' 
*£ P -* 






bJD o 








P'P 

"£ P 
r*T> O 




^ © 7+ 
a* PI Ph 

•iH O f>i 






«-H "- 1 


lO 




O 


ique 
ceco 


CM 

r-l 




o 
o 


<JJ 


O 
m © © 




AC 






p ^ 


i o i 




P P 




o o^ 


© o © 




O &> 




Ph P ^ 


P o3 ^ 




?H O 




3 *"3 


•~j Pj prt • 




2 P 




Yery nn 
colonies 
mistaka 


2 © £ 8 

o P 2 ^ 
© .„ « >> 

a « h 




Very nu 
colonies 




^>~s 


S3 P3 'd 
§ £ © 




■^—^ 














P?g M P 










© ° © c3 




















,— v -iH r— ( W 










o i>> o © 










VO <+"* © t» 










<M 







© 
© 

p 

03 



© 

to 

© 

© 






'is 



© 

p 



55D 

p 

•r-l 

o p 

p 

o 

© 

r- 



CD 

P 

o 

© ^~<v 

S © 

P p 
o 

&?, 

<£> © 
r> b£» 

O «-H 



rj CO 

p.i 

p 

© O 
t> 



03 



Ph 

*2 P' 

«-( ° 
T3 «»H 



03 



O 



P Ph 



© 



O 



v P 

^ © 

© 

©^ 



HP 
©^ 

© s 

J 5 * 



p 

o3 



p 

o3 



P 
o3 

H |co 



P 

c3 



C 



p 

o3 



«, 



H 



-'2 
Pi 

o3 



S3 

•iH 
?-( 

M 

o 
o 

<D 
CO 



to 

a 



<x> 

-+3 

a 

«fH 

PI 

•iH 

ni 

•iH 
O 

a. 



© 

Ph 
© 

^ S ® 



© © 

lug 



p 

o3 



^fl 



CO 



CO 



(M 



CO 

I 



CM 



CO 



© 

o 

I — I 
Ph 



© 
o3 i 



© 

Ph 
o3 



Ph 
O 

© 
bD 

•rH 

P-l 

<4-H 

© 



Ph 
O 

•§ 
■§ 

© 

P 



P 
O 

•r-l 

CQ 

• r- 1 

t> 
•r-l 

■§ 

CQ 
© 

Ph 
O 

© 



p^ 

rH 



M 



rH 



M 



P3 



rP 


P 




o 


o 




• |H 




• 


rP 


■+3 


© 


o3 -3 


> 


c3 


P 

o 


• »—i 

i 1 

P 




CO 


© 


p* 


© 




o> 


-i~> 


© 


r> 


03 


c3 


u» 



Ph 



CO 

as 
oo 

rH 



co 

GO 
rH 

o 



CO 
OS 
GO 
rH 



CO 

os 

DO 
rH 



cq 



470 Profs. Percy Frankland and Marshall Ward. 

In this case there was a very considerable increase in the total 
number of bacteria present, due to the extensive multiplication of 
the water bacteria, as shown by the great increase in the number of 
liquefying colonies. As this multiplication is much more marked 
than in the uninfected water, it must obviously have been promoted 
by the small quantity of organic matter unavoidably introduced along 
with the typhoid bacilli, 

Similarly the plate cultivations of the unsterilised Loch Katrine 
water infected with the B. coli communis yielded the following 
results :— ~ 
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Number of colonies obtained from 1 c.c. 
of water. 


M 
en 

c3 

ep 
o 

o3 
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CD 

W) 

• i— i 

fH 
=+■4 

CD 

PCI 

J4 

CO 

=P 
O 

4-3 

o3 

P 

o 
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3350 
(Only few liquefying colonies ; numerous 
surface colonies like those of typhoid 
or coli.) 


1900 (Few liquefying colonies ; 
only few surface colonies 
like typhoid or coli.) 

5400 
(Numerous liquefying colonies, 
no surface colonies like 
typhoid or coli.) 


63 (Very few colonies at all ; 
one surface colony just like 
typhoid or coli.) 

3825 
(Few liquefying colonies, some 
surface colonies like typhoid 
or coli.) 


72 (Few liquefying colonies ; 
no surface colonies like 
typhoid or coli.) 

4029 
(A number of liquefying colo- 
nies, and some surface colo- 
nies like typhoid or coli.) 


Volume of 

water employed for 

plate cultivation. 


J° 


lo lo 

h |» Ho 

J* J™ 
-v «|o> 

<-i|<0 
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Hoi |h 
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C3 OS 


Number of 

days plates were 

incubated. 
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In tlie water, therefore, kept at the summer temperature there was 
a continuous decline in the total number of bacteria, nor was there, 
apparently", any multiplication of the water forms ; whilst in the 
water kept at a winter temperature, not only was there a slight 
numerical increase, but also, obviously, a considerable multiplication 
of the water-bacteria as evidenced by the increase in the number of 
liquefying colonies. 

In the following tables are recorded the results of the examinations 
by phenol-broth culture of the several unsterilised Loch Katrine 
waters, both infected and uninfected : — • 

Examination of Unsterilised Loch Katrine Waters (First Series) by 

Phenol Broth-culture, 8.7.1893. 



• 


Water 




Quantity 








Quantity 


of phenol 






2 


cultivation 

with 

phenol broth. 


of water 
taken 
in c.c. 


solution 
added 

to 10 c.c. 
broth. 


Remarks. 






Uninfects 


sd Unster'i 


'Used Loch Katrine. 




(120) 


Flask lie. 


1-0 


3 drops 


Turbid in 48 hours. 




(129) 


, } . . 


?> 


5 „ 


Did not go turbid. 




(121) 


Flask IB.. 


)5 


3 „ 


Turbid in 48 hours. 




(130) 


,j « • 


J5 


5 „ 


Turbid in 48 hours. 
10.7.1893. 


Plates poured 




Typhoid-infected Unsterilised Loch Katrine. 




(122) 


Flask 11.. 


1-0 


3 drops 


Turbid in 48 hours. 




(131) 


» •• 


>J 


5 „' 


Turbid in 48 hours. 
10.7.1893. 


Plates poured 


(123) 


Flask IE., 


)i 


3 „ 


Turbid in 48 hours. 




(132) 


» • • 


)) 


5 „ 


Turbid in 48 hours. 
10.7.1893. 


Plates poured 




Coli'infected Unsterilised Loch Katrine. 




(126) 


Flask 11.. 


1-0 


3 drops 


Turbid in 24 hours. 




(135) 


3J • ' 


3J 


5 „ 


Turbid in 24 hours. 
9.7.1893. 


Plates poured 


(127) 


Flask IE.. 


JJ 


3 „ 


Turbid in 24 hours. 




(136) 


» •• 


J> 


5 „ 


Turbid in 24 hours. 
9.7.1893. 


Plates poured 



From the above table it will be seen that all the waters rendered 
the phenol broth-tubes turbid, those infected with the B. coli com- 
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munis in twenty-four hours, the uninfected and typhoid-infected 
waters in forty- eight hours. 

Of the plate cultivations prepared from these turbid broth-tubes, 
it need only be stated that the plates from the tubes which had gone 
turbid with typhoid-infected water, yielded characteristic typhoid 
colonies which satisfied all the several confirmatory tests ; similarly 
the plates prepared from those broth-tubes which had been rendered 
turbid by coli-inf ected water, yielded the characteristic colonies of the 
JE>. coli communis, and also satisfied the various confirmatory tests. 
On the other hand, those phenol broth-tubes which had become turbid 
through the uninfected water, yielded colonies on the plates which 
were small in the depth, and formed small pin-heads on the surface 
of the gelatine, but did not give rise to the characteristic expan- 
sions, whilst on transferring these to potatoes, strong, highly-raised, 
greyish growths, much more conspicuous than those of typhoid, were 
obtained. 

Thus on July 8, 1893, four days after infection, both the typhoid 
bacillus and the B. coli communis were proved to be still alive in the 
unsterilised Loch Katrine water. 

The second examination by phenol broth- culture was made on 
July 15, 1893, or eleven days after infection, with the following 
results : — 
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Examination of Unsterilised Loch Katrine Waters by Phenol Broth- 
culture, 15.7.1893. 



• 


"WTsi'fpY* 




Quantity 






O rO 


used for 

cultivation 

with phenol 

broth. 


Quantity 


of phenol 






P-l +2 

§ 8 


of water 
taken 
in c.c. 


solution 
added 

to 10 c.c. 
broth. 


Eemarks. 






Uninfected Unsterilised Loch Katrine, 




(140) 


Mask 11.. 


1*0 


3 drops 


Turbid in 48 hours. 
18.7.1893. 


Plates poured 


(146) 


jj • . 


33 


5 „ 


Did not go turbid. 




(141) 


Mask IE.. 


3> 


3 „ 


Turbid in 48 hours. 
18.7.1893. 


Plates poured 


(147) 


„ • • 


33 


5 „ 


Did not go turbid. 




Typhoid-infected Unsterilised Loch Katrine. 




(142) 


Flask 11.. 


1*0 


3 drops 


Turbid in 72 hours. 
18.7.1893. 


Plates poured 


(148) 


33 • * 


J3 


5 „ 


Did not go turbid. 




(143) 


Mask IE.. 


33 


3 „ 


Turbid in 24 hours. 
18.7.1893. 


Plates poured 


(149) 


53 * • 


33 


5 „ 


Did not go turbid. 




Coli-infected Unsterilised Loch Katrine* 




(144) 


Flask 11 », 


1-0 


3 drops 


Turbid in 24 hours. 




(150) 


33 • * 


33 


5 „ 


Turbid in 48 hours. 
17.7.1893. 


Plates poured 


(145) 


Flask IE.. 


33 


3 ,, 


Turbid in 24 hours. 




(151) 


3» 


33 


5 „ 


Turbid in 48 hours. 





Of the plate cultivations made from the above turbid broth- tubes, 
it will be sufficient to say :— 

1. That from the uninfected water only liquefying colonies were 
obtained, probably JB. liquidus (Percy Frankland) ; as already men- 
tioned, this organism is very frequently obtained in phenol broth- 
cultivations in which only 3 drops of phenol solution has been added. 

2. The plates from the phenol broth-tube which had only heen 
rendered turbid in seventy-two hours by the incubator flask of the 
typhoid-infected water, yielded also only liquefying colonies, and 
nothing like typhoid colonies was discoverable on the plates. The 
corresponding broth-tube from the refrigerator flask, on the other 
hand, which had become turbid in twenty-four hours, yielded numer- 
ous small and expansion colonies which were undoubtedly due to 
typhoid. 
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3. The broth-tube, which had been rendered turbid in twenty-four 
hours with coli-infected water, yielded plates containing numerous 
depth and surface-expansion colonies, which were undoubtedly those 
of the B. coli communis. 

Thus from these examinations it was apparent that on July 15, 1893, 
or eleven days after infection, the Bacillus coli communis was still alive 
in the unsterilised Loch Katrine water , as was also the typhoid bacillus 
-in similar ivater ivhich had been kept at the tvinter temperature of 
6 — 8° 0., whilst in the ivater kept at a summer iempemture of 19° G. the 
typhoid bacillus ivas no longer discoverable. 

Another examination was made of these uninfected and infected 
unsterilised Loch Katrine waters on July 21, 1893, with the following 
results : — 



Examination of Unsterilised Loch Katrine Waters by Phenol Broth- 

culture, 21.7.1893. 



© js 


Water 


Quantity 


Quantity 
of phenol 






cultivation 

with phenol 

broth. 


of water 
taken 
in c.c. 


solution 
added to 

10 c.c. 

broth. 


Remarks. 




Uninfected Unsten 


'Used Loch Katrine. 


(175) 


Flask 11.. 


1-0 


3 drops 


Only turbid after 8 days. 


(176) 


j, X Jtv > • 


•>■> 


jj 


Only turbid after 4 days. 




Typhoid-infected Unsterilised Loch Katrine. 


(177) 


Flask 11.. 


1-0 


3 drops 


Turbid in 4 days. Plates poured 
25.7.1893. 


(178) 


5, JL Jt\> « • 


?) 


jj 


Turbid in 48 hours. Plates poured 
23.7.1893. 




Coli-infected Unsterilised Loch Katrine. 


(179) 


Flask 11.. 


1-0 


3 drops 


Turbid in 48 hours. Plates poured 
23.7.1893. 


(180) 


• • JL XXt • • 


5J 


?j 


Turbid in 48 hours. Plates poured 
23.7.1893. 



The plate cultivations made from the above turbid broth- tubes 
yielded the same results as those on July 15, 1893 ; thus no typhoid 
colonies were obtained on the plates from broth-tube IsTo. 177, whilst 
they were easily discoverable and confirmed on the plates from 
broth-tube No. 178 ; again the colonies of the B. coli communis were 
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readily detected and confirmed on the plates from both broth.- tubes 
Hos. 179 and 180. 

From these examinations it was evident, therefore, that the B. coli 
communis was still alive in the unsterilised Loch Katrine waters (kept 
"both at winter and summer temperature) on July 21, 1893, or seventeen 
days after infection ; the typhoid bacillus was also still alive in the similar 
water Jcept at the winter temperature (6 — 8° (7.), whilst it was again, as 
on the previous occasion (July 15, 1893), 'proved to he extinct in the same 
water hept at the summer temperature of 19° C. 

3. Bacteriological Examination of the Infected Sterilised Loch 

Katrine Waters. 

"With the preceding results must now be compared the behaviour 
of the typhoid bacillus and the B. coli communis in the Loch Katrine 
water which had been previously sterilised by steam and by filtra- 
tion through porous porcelain respectively. 

These infected sterile waters were, as before, Intended to show 
whether these bacilli are capable of multiplication or not in water of 
this character when the disturbing influence of the simultaneous 
presence of other micro-organisms is removed. 
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478 Profs. Percy Fraiikland and Marshall Ward. 

Thus in this steam- sterilised Loch Katrine water the typhoid bacilli 
underwent rapid degeneration, the rate of their decline being more rapid 
at the summer than at the winter temperature ; for at the higher 
temperature they were no longer demonstrable seventeen days after in- 
fection, whilst at the lower temperature they were still just discoverable 
even after twenty-one days. 

Essentially similar was the "behaviour of the typhoid bacilli in the 
Loch Katrine water which had been sterilised by filtration through 
porous porcelain, thus :— 
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Thus again in the Loch Katrine water, sterilised by filtration through 
porous porcelain, the typhoid bacilli underwent rapid degeneration, 
more especially in the water which ivas preserved at the summer tempera- 
ture, in which they were no longer found by plate cultivation twenty -one 
days after infection, whilst in the same water kept at the winter tempera- 
ture they were still easily recognisable, although in greatly diminished 
numbers, on that day. 

It is particularly noteworthy that the behaviour of the typhoid bacilli 
was practically identical in this Loch Katrine water, irrespectively of 
'whether it was employed in the unsterilised or in the sterilised condition, 
and irrespectively of whether the sterilisation was effected by steam or by 
filtration through porous porcelain. 

In all cases, moreover, the effect of temperature on the typhoid bacillus 
was very marked, the longevity being much greater in the Loch Katrine 
water, unsterilised or sterilised, kept at the winter than in that kept at the 
summer temperature. 

The behaviour of the B. coli communis in these sterilised L. Katrine 
waters is recorded in the following tables : — 
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Thus in the steam- sterilised L. Katrine water, the B. coli communis 
disappeared in a surprisingly short time, being no longer demonstrable 
on the 17th day after injection. In this case also the decline was more 
rapid in the water kept at a summer than in that at a winter tempera- 
ture. 

Very similar again was the behaviour of the B. coli communis in 
the L. Katrine water previously sterilised by filtration through 
porous porcelain, thus : — - 
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Thus again in the case of this 'porcelain- filtered L. Katrine water there 
%v as the same rapid disappearance of the introduced B. coll communis. 

It is particularly remarkable thai the B. coli communis has disappeared 
more rapidly in both these sterile L. Katrine waters than in the tin- 
sterilised. 

Similar evidence of the disappearance of the typhoid and coli 
"bacilli in these sterile L. Katrine waters is afforded by the results of 
the several examinations by phenol broth-culture, thus : — ■ 



Examinations of Typhoid-infected Sterilised Loch Katrine Waters by 

Phenol Broth-culture. 



Date and 

number 

of broth 

tube. 



Water 

used for 

cultivation 

with 

phenol broth. 



Volume 

of water 

taken 

in c.c. 



Quantity 

of phenol 

solution 

added 

to 10 c.c. 

broth. 



Remarks, 



8.7.1893 

(137; 



Typhoid-infected Steam-sterilised Loch Katrine. 



17.7.1893 
(162) 
(163) 



20.7.1893 
(172) 
(173) 



25.7.1893 
(207) 
(208) 



Flask IE.. 
.Flask II.. 

55 o . 



Flask II.. 

35 • ' 



Flask II.. 



1 drop 


3 drops 


0-5 

1-0 


3 drops 


0'5 
1-0 


3 drops 

53 


1*0 

33 


3 drops 



Turbid in 24 hours. 



Turbid in 21 hours. 



Did not go turbid. 



5? 



55 



Turbid in 4 days. 
Did not go turbid. 



Typhoid-infected T or celain- filtered Loch Katrine. 



(209) 
(210) 



Flask II.. 
IE.. 



55 



1-0 

55 


3 drops 

55 







Did not go turbid. 
Turbid in 48 hours. 



26.7.1893 

(220) 
(221) 



Typhoid-infected Steam-sterilised Loch Katrine, 



Flask II.. 

j j J. i\i . . 



1 *0 3 drops 

55 35 



Did not go tiirbicl. 



35 



;? 
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Ex animations of Coli-infected Sterilised Loch Katrine Waters by 

Phenol Broth-culture. 



Date and 

number 

of broth. 

tube. 



Water 

used for 

cultivation 

with 

phenol broth. 





Q.uantitj 


Volume 


of phenol 


of water 


solution 


taken 


added 


in c.e. 


to 10 c.e. 




broth. 


. 





Remarks, 



21.7.1893. 

(195) 
(196) 



Flask II.. 

55 



Coli-infected Steam-sterilised Loch Katrine. ' 

3 drops 



2*0 
1 -0 



55 



Did not become turbid. 

55 55 



Coli-infected Porcelain-filtered Loch Katrine. 



(197) 
(198) 
(199) 
(200) 



Flask II.. 

55 • • 

Flask IE.. 

5, • * 



2*0 


3 drops 


1-0 


■)•> 


2'0 


55 


1-0 


55 







Did not become turbid. 

Turbid in 48 hours. 
Did not become turbid. 



25.7.1893. | 

(203) 
(204) 



Coli-infected Steam-sterilised Locli Katrine. 



Flask II.. 

jj 1 Jtv • « 



1-0 

1*0 



3 drops 



)> 



Did not become turbid. 

5> J5 



Coli-infected Porcelain-Jittered Locli Katrine. 



(205) 
(206) 



26.7.1893. 

(222) 



Flask II.. 

5 j X XV . . 



Flask II.. 



1-0 
1-0 



3 drops Turbid in 48 hours. 



i) 



1*0 



3 drops 



55 



55 



Did not become turbid. 



These examinations "by phenol broth-culture substantiate the results 
obtained by gelatine plates, and show that only a very small number 
of the bacilli were still living in the waters on the later dates. Thus, 
in the case of broth-tubes Nos. 199 and 200, it is evident that in No. 
199, in which 2 c.c. of water were employed, at least one living B. coli 
communis w as introduced, for the broth-tube became turbid; whilst 
in ISTo. 200, in which only 1 c.c. of the same water was employed, no 
living bacillus can have been introduced, as the broth- tube did not 
become turbid. On referring to the table of gelatine plate examina- 
tions (p. 483) it will be seen that on the same day (21.7.1893) in the 
same water there was found only one B. coli communis colony per 
1 c.c, so that it might easily happen that any particular 1 c.c. of the 
water might not contain any bacillus, as was apparently the case in 
the 1 c.c. of this water added to the phenol broth- tube No. 200. 
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It is in this way that particular interest attaches to a comparison 
of the results obtained by gelatine plate and phenol broth-culture in 
the case of these infected sterile waters, as the two methods can be 
made to control each other, whilst in the case of the infected un- 
sterilised waters the method of phenol broth-culture has to be exclu- 
sively relied on for the detection of the typhoid and coli bacilli. 



Behaviour of the Typhoid Bacillus in the Loch Katrine Water. 

(Second Series of Experiments.) 

In the first series of experiments with the L. Katrine water re- 
corded above, the number of typhoid bacilli initially introduced was 
so small that it would obviously not be possible to directly compare 
the results with those previously obtained with Thames water in 
which a much larger number of typhoid bacilli were initially intro- 
duced, as I have found in previous investigations of the same kind 
that one of the factors determining the longevity of pathogenic 
bacteria placed in water, or for the matter of that placed in any un- 
favourable surroundings, is the absolute number in which they are 
present. In other words, amongst, for instance, 1,000 bacteria taken 
from a given source there may be some individuals which will resist a 
particular adverse influence, whilst amongst 10 bacteria taken from 
the same source there may be none capable of resisting the adverse 
influence in question. 

When, therefore, I found that such a small number of typhoid 
bacilli had been introduced into the L. Katrine water in the first 
series of experiments, I immediately started a second series of ex- 
periments with the same water, but introducing a much larger 
number of typhoid bacilli. 

In this second series of Loch Katrine experiments, which were 
begun on 7.7.1893, or three days after the first, only unsterilised 
Loch Katrine water was infected with typhoid, thus : — 

Infection of L. Katrine Water in Second Series of Experiments. — 
25 needle-loops were taken from the surface of an agar-culture of the 
typhoid bacillus, 11 days old, and introduced into 20 c.c. of steam- 
sterilised tap-water, which was then violently shaken for 15 minutes ; 
10 c.c. of this water- attenuation were then added to 1500 c.c. of 
unsterilised L. Katrine water. After thorough mixture this was 
divided up amongst a number of sterilised flasks plugged with sterile 
cotton-wool, which were placed in the incubator (19° C.) and re- 
frigerator (6 — 8° 0.) respectively. Control flasks containing the 
same unsterilised L. Katrine water, but uninfected, were placed 
under precisely similar conditions. 

The results of bacteriological examination of the uninfected control 
L. Katrine water are given in the following table : — • 
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Thus in these uninfected L. Katrine waters only comparatively 
slight multiplication took place, and at no time were there more than 
a few colonies causing liquefaction of the gelatine. 

With these must now be compared the L. Katrine water infected 
with typhoid, the results obtained with which are recorded in the 
table (p. 488). 

These examinations show that although the water-bacteria present 
in the unsterilised L. Katrine water must have undergone consider- 
able multiplication, as shown by the great increase in the liquefying 
colonies, yet this multiplication did not by any means keep pace 
wdth the decrease in the number of typhoid bacilli ; for the total 
number of colonies on the successive plates underwent continuous 
decline. 

The actual proof of the persistence of the typhoid bacillus in these 
waters had of course to be furnished by the method of phenol broth- 
culture. Thus 
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Thus ivlien the typhoid bacilli were introduced into the L. Katrine 
tvater in large numbers, they ivere still easily discoverable by phenol broth- 
culture on the fourteenth day, although from the examinations by plate- 
cultivation (see p. 488) it is obvious that their numbers had undergone 
enormous diminution. They doubtless persisted even longer than this, but 
the experiments had to be interrupted. Thus ivhen introduced in large 
numbers their persistence is greater than when only small numbers are 
employed, for in the previous experiments they ivere no more demonstr- 
able in the unsterilised water ivhich had been "kept at a summer tempera- 
ture (19° 0.) for 11 days (seep. 476)„ 

Comparative Behaviour op the Typhoid Bacillus in Thames, 
Loch Katrine, and Deep Well Water. 

The previous experiments had clearly shown that the typhoid 
bacillus, although unable to multiply in either ordinary Thames or 
L. Katrine water, even when these waters are deprived of other 
competing or inimical bacteria, is yet able to remain alive for con- 
siderable periods of time in these waters, not only when they are 
previously sterilised, but even, although for a distinctly shorter 
period, in their unsterilised condition and in the presence of an 
abundant bacterial population. 

Inasmuch as the access of typhoid bacilli to potable water of all 
kinds is one of the most ever-present dangers to the public health, 
it becomes a matter of pressing hygienic importance to determine 
whether the particular kind of water into which they may gain access 
affects the chance of their reaching the water-consumer in a living 
state. The population of the United Kingdom is chiefly supplied 
with one or other of three different kinds of water, of which the 
Thames, L. Katrine, and deep-well water of the Kent Company may 
be taken as types, and it is with these three types of water that I 
have, therefore, instituted the comparison in question. 

Prom the experiments which I have detailed above, it is obvious 
that the longevity of the typhoid bacillus in any particular water is 
subject to very considerable variations according to the initial 
vitality of the typhoid bacillus employed, and according as a rela- 
tively large or small number of the bacilli is introduced into the 
water. In order, therefore, to institute a comparison between several 
different waters as to their relative capacity of maintaining the 
typhoid bacilli in a living state, it is absolutely essential that the 
typhoid bacilli placed in the several waters should be taken from one 
and the same cultivation, and that they should be introduced in each 
case in as far as possible the same numbers. 

These were the conditions which were secured in the series 'of com- 
parative experiments made w r ith these three different types of water, 
and which are now to be described. 
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Simultaneous Infection with Typhoid of Thames, Loch Katrine,, mmi 

Deep Well Water* 

Eacli of these waters was, in this comparative series, stealta- 
neously experimented with in the natural unsterilised state, also 
after sterilisation by steam, as well as after sterilisation ~hj nIirat5oit. 
through a porons cylinder composed of baked infusorial earth. Tlies©- 
nine different kinds of water were all infected at one time wife &&■ 
same quantity of typhoid bacilli taken from one and the same esti- 
vation. 

For this purpose an agar- cultivation of sixteen days 7 Bge 7 mnM 
grown at 18 — 20° C, was employed. Forty needle loops were ease- 
fully taken from the surface of this cultivation and ihoyoi«gJj3 J* 
mixed by prolonged agitation with 50 c.c. of sterilised tap-water,. 
Of the water- attenuation thus prepared 4 c.c. were added to 1000 <e*&, 
of each of the nine different kinds of water. In this manner -was, ; 
therefore, secured the equal infection both qualitatively and qeaiiii- 
tatively of each of the nine experimental waters. Each of iheso in- 
fected waters was subdivided amongst several sterile flasks. The 
mouths of these flasks instead of being plugged with eoiton~w©:ol r 
were in this series of experiments simply covered with sis-Hie 
beakers, an arrangement which is in many respects preferable for 
purposes of this kind. All these flasks, together with similar -f$as&& 
containing each of -the three unsterilised waters not infected, were 
placed in a dark cupboard in which there prevailed an almost mani- 
form temperature of 9 — 12° C. 

In this series of experiments, besides determining the relative- 
longevity of the typhoid bacilli in the several different ijpm ,.©£ 
potable water, I have also endeavoured to ascertain the effect ©ivtln^ 
bacteria of keeping the waters at rest and in motion respectively ',,, 
To this end, in the case of each water, one flask was kept at rest •■■ssad 
only shaken up when a sample was to be taken from it, whilst the 
other flask was daily submitted to violent agitation over a period of 
five minutes, this agitation being repeated two or three times on the 
same day. The convention will be adopted in the following pages ol 
referring to the flasks kept at rest by the letter A, whilst those irMcht 
were subjected to daily agitation are distinguished by the letter B„ 

The various waters were periodically examined both by plate— 
cultivation and phenol-broth culture on the same lines as describes!.. 
for the previous series of experiments. 

The uninfected waters yielded the following results or chemife! 
analysis : — 
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Results of Analysis expressed in Parts per 100,000. 





Thames water 

collected 

5.10.1893. 


Organic carbon \ by combus- 
Organie nitrogen J tion .... 
Organic nitrogen (Kjeldahl 

Ammonia (albuminoid) 

Oxygen consumed by organic 


26 -20 
0-172 
0-036 

0-46 
O -005 
0-013 

0*083 


* Nitrogen as nitrates and ni- 
" Total combined nitrogen 


-175 
0-215 
1-75 
4-2 

13-7 

17-9 

Turbid 



Deep well 

water (Kent 

waterworks) , 

collected 

6.10.1893. 



44*40 
0-058 



0-013 


o-ooi 

0-013 



Loch Katrine 

water, collected 

13.10.1893. 



2-40 
0-189 

0-024 

-016 


o -ooi 

0*147 



'467 


0-007 


0-480 


-031 


2-50 


0-65 


21-1 





8-6 


1-0 


29*7 


1-0 


Clear 


Very sliglitly 




turbid 
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496 Profs. Percy Frankland and Marshall Ward. 

Tlie .above tables show that the bacteria in the uninfected Thames 
;~wateir smderwent very considerable multiplication, and in the 
■fypl'i old- infected water, although the total number of bacteria de- 
pefikedv it is certain that the water-bacteria underwent considerable 
fm\xI&iplicat£on, as there was a great increase in the number of lique- 
f^ing colonies ; the diminution in the total number of bacteria was 
db:© to the disappearance of the typhoid bacilli which were initially 
; |)si^eafc' to the extent of about 16,000 per c.c. It will be shown 
'fyh, S08) HiOot typhoid bacilli were no longer demonstrable in this water 
%t§ plien/jl broth culture after 28.10.1893, or nine days after their intro- 
Smc&n into tike Thames water. 
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From the above tables it will be seen that the bacteria in the unin- 
fected Loch Katrine water underwent no multiplication, but, on the 
contrary, slight decline. In the infected water the initial number of 
typhoid bacilli must have amounted to about 22,000 per c.c, and 
although the total number of bacteria in this infected water under- 
went a great decline, there can be no doubt that the water-bacteria 
multiplied considerably, as was evidenced by the increased number of 
liquefying colonies, the diminution in the total number of bacteria 
being doubtless due to the disappearance of the typhoid bacilli. It 
ivill be shown on p. 511 thai the typhoid bacilli were discovered for the 
last time by the method of phenol broth culture on 7.11.1893, or nineteen- 
day s after their first introduction. 
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500 Profs. Percy Frankland and Marshall Ward. 

From the above tables it will be seen that the water-bacteria in the 
deep well water underwent much more extensive multiplication 
than in either the Thames or Loch Katrine water. This extensive 
multiplication of the bacteria in such deep well water was first 
called attention to by me in 1886 (' Proc. Roy. Soc.'). The in- 
fected water must have contained, initially, about 28,000 typhoid 
bacilli per c.c, and in this infected water the increase in the total 
number of bacteria was even more marked than in the uninfected, 
the increase in the number of liquefying colonies being altogether 
enormous. The behaviour of the typhoid bacilli in the sterile deep 
well water (see p. 505) clearly shows that they cannot have partici- 
pated in this bacterial multiplication observed in the infected un- 
sterilised deep well water, but on the contrary they must have un- 
dergone great diminution, as it will be shown on p, 515 that the 
typhoid bacilli ivere no longer discovered by phenol broth culture in 
this water after 21.11.1893, or thirty -three days after their first intro- 
duction. 
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From the above tables it will be seen that in the steam sterilised 
Thames water the typhoid bacilli underwent no multiplication, but, on 
the contrary, steady diminution, being last discovered on 20.11.1893, or 
thirty -two days after their first introduction. 

In the Thames water, sterilised by filtration, their disappearance was 
far more rapid, for they were no longer discoverable eleven days after 
their introduction, and they had doubtless died off even before this. 
These results entirely confirm my previous experiences recorded on 
p. 464, and the confirmation is of the more importance, as the filters 
used in the two cases were entirely different ; thus whilst that used on 
the former occasion was a Chamberland cylinder of porous porcelain, 
the one used in this latter instance was a small porous cylinder con- 
structed of infusorial earth. These infusorial earth cylinders are 
much more porous than the porcelain ones, and pass the water far 
more rapidly. 
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The above tables show that in the steam-sterilised Loch Katrine 
water, the typhoid bacilli again underwent no multiplication, but on the 
contrary steady decline, the last surviving individuals being, hoivever, 
remarkably persistent. Thus the typhoid bacilli were still discoverable 
on 9.12.1893, or fifty -one clays after their first introduction. This is a 
■much longer survival than in the case either of the steam-sterilised 
Thames or deep ivell waters. 

In the Loch Katrine water, rendered sterile by filtration, the typhoid 
bacilli also survived much longer than in either the similarly treated 
Thames or deep well waters, the bacilli being still discovered on 
27.11.1893, or thirty -nine days after their first introduction. The filter 
used in this case was a porous cylinder of infusorial earth as with 
the Thames and deep well waters. This result again confirms what 
I found in the previous series of experiments (see pp. 460, 464, 479),, 
viz., that the typhoid bacilli persisted much longer in the porcelain- 
filtered Loch Katrine than in the porcelain-filtered Thames water. 



Report on the Bacteriology of Water. 



32 




© 




-4^> 




ci 


^ 


>- 


<D 


p.. 


•+3 




a 


jz3 


t> 


© 


F- 


fe 


l-H 


K* 


r^ 




© 


P-f 


!> 


© 


!>■ 


© 




jMNWlJ 


© 




© 
ft 


c3 


r^ 


Pi 


CD. 

• r-4 


* f*H 


r-H 


J-" 

W 


• r-f 

© 

1 


^ 


S 


o 


Oj 


o 


© 


}MMM| 


-US 


© 


r^ 


cj ■ 


© 




© 

© 


rj mi 


PI 




•I— t 


C+_) 


h3 


O 


•fH 


S3 


o 


o 




•rH 


>>* 


C3 


EH 


P-, 




£3 




r~> 




O 




O 








o 

#j t „ n t 

© 

O c$ 

m Is 

© 

*r-J q_| 

Pi O 

O 

© 
o 



© 

}?5 



© 

•+» 
• i-i 

e9 

r» " H 
■i-l 

r±4 

CO 

03 



4a 
aa 

© 

© 

CO 



o 

o 

CO 
O 



o 
o 
oo 



o 

o 



CO 



O 

o 

T-* 

*\ 

j— ■! 



O • 

© o b 



A 



o © 



© 



3 
© 

© 

03 



C3 Q, 



© 

© 

r-< fl} -+■» 

© 43 c3 

pi «7* £ 

2 ft o 

£ » s 

n3 



a 








ja 




C3 CS : 




<*o a j« 










>o 



CO o 



CD CD : 



\o 





nd 










H3 


© 

•+3 






? , . . ; 




<D 


c3 










O 
'ft 


• i-i 
fcD 

03 


o 

•r-l 


r*"i 


rQ. 


I 




k> 


CO 








i — ► 

• r-l 


{> 








CO 


c3 

P 


H3 








c3 




d 








crt 




ffl 








J4 
c3 

•— t 


■+3 
CO 

© 


© 

O 








PS 
© 


C3 


© 


<j 


<l 


< 


?H 


-W 










o3 


P4 
© 
















; 




«3 










r=5 C 










© O . 


CO 


CO 


CO 


CO 


— t ^5 W 


C5 


CD 


Oi 


c^> 


00 


CO 


CO 


CO 


r» >> C3 


d 


O " 




r-4 


° s © 


r-t 


r-l 


rH 


r-« 


» © ^ 

3"S ^ 


C5 


o 


CO 


o 


r~t 


CO 




■<M. 


fif 


4 
14 











© 



© 

!> 

p- 

© 

© 

© 
© 

I ! 

PJ 

• rH 

c3 

r— i 

© 

© 

o 

© 

•-P 

© 

© 

<MH 



o 
o 



c3 



>.0 



1 


o 


♦rH 


•r-4 


O 


CO 
»f-l 


f»-*«# 


r> 


G^ 


^3 


>•» 


rO 


H 


P 




CO 




© 




t- 




O 




«4~l 




© 




W 



CO 

CO 
rH 

c5- 



Ci 



o 



o- 



o 



t- 1 


IrH 


c-> _, 


*»i^, 


|r-l 


H 


^ 


rr* 


PJ 


Pi 


cS 


C5! 


H 


^,H 


W H 


H 







p p 
nS 'Xj 

Ph Pi 

c3 c3 
O p 
CO CO 



CO CO 



ess 03 

rH rH 



r™1 



w 



i-t 



CO 
Ci 
CO 
rH 

o* - 



* *\ 



o 

00 



CO 
Zi 
C/J 

r-4 
r-< 

CO 



506 Profs. Percy Frankland and Marshall Ward. 

From the above tables it is seen that in the steam-sterilised deep 
well water also the typhoid bacilli ivere incapable of multiplication, and, 
on the contrary, underwent continuous decline in numbers; they were 
last discovered on 8.11.1893, or twenty days ajter their introduction, 
whilst on 20.11.1893, or after being in the water for thirty-two days, they 
were no longer discoverable by plate- cultivation. In this connection it 
is particularly noteworthy that the typhoid bacilli were still dis- 
covered on 21.11.1893 in the nnsterilised deep well water, thus show- 
ing that in this deep well water their longevity id as unaffected by the 
circumstance of whether the water was sterilised or nnsterilised. In the 
case of both the Thames and Loch Katrine waters, on the other 
hand, the longevity of the typhoid bacilli was much greater in the 
sterilised than in the unsterilised water. 

This circumstance is particularly instructive and important, inas- 
much as it was just in this typhoid-infected unsterilised deep well 
water that the water bacteria present multiplied most extensively, 
and yet this large multiplication of the common water forms did not 
prejudicially affect the typhoid bacilli. 

This deep well water, on the other hand, is in the sterilised con- 
dition less favourable to the longevity of the typhoid bacilli than 
the sterilised Thames and Loch Katrine waters, for in these three 
steam- sterilised waters the introduced typhoid bacilli disappeared 
first in the deep well and last in the Loch Katrine water, their 
longevity in the steam- sterilised Thames water being greater 
than in the deep well and less than in the Loch Katrine water. 
(For further remarks on this behaviour see p. 517.) 

In the deep well water sterilised by nitration through porous por- 
celain (in this case again infusorial earth), the typhoid bacilli again 
disappeared with remarkable promptitude, being no longer dis- 
coverable eleven days after their introduction. 

In order to ascertain whether these waters sterilised by nitration 
through porous cylinders owed the rapid disappearance of the 
typhoid and coli bacilli which, almost invariably occurred in them to 
the presence of any antiseptic substance possessing general bacteri- 
cidal properties, the following experiment was made: — 

The typhoid-infected porcelain- filtered deep well water referred to 
above, and in which the typhoid bacillus was proved to be extinct on 
30.10.1893, and 8.11.1893 respectively (see Table, p. 505), was on 
11.11.1893 treated with three drops of the unsterilised uninfected 
deep well water. These three drops of unsterile water must have 
contained about 3000 water bacteria, as calculated from the results 
of plate cultivation given in the table on p. 499, and, as the volume of 
filtered water to which these three drops were added was about 
100 c.c, the latter must have acquired about thirty water bacteria 
per 1 c.c. by the addition. 
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This porcelain-filtered deep well water, to whieti the three drops of 
unsterile deep well water were thus added on 11.11.1893, was ex- 
amined by plate cultivation on 14.11.1893, or three days after the 
addition, and was then found to contain 10,462 bacteria per 1 c.c. ; it was 
again examined on 23.11.1893, or twelve days after the addition, and then 
contained 603,900 bacteria. It is obvious, therefore, that in this same 
water in which the typhoid bacilli were destroyed with such remarkable 
rapidity, some at any rate of the common water bacteria present in the 
unsterile deep well water were able to multiply both to an enormous extent 
and ivith wonderful celerity. This result dismisses, in my opinion, the 
last lurking suspicion which might still remain of any antiseptic 
substance having accidentally gained access to the water in the 
process of filtration through these porous cylinders. 
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The above three tables are of especial importance, exhibiting as 
they do the different behaviour of the typhoid bacillus taken from 
one and the same cultivation and in approximately the same numbers, 
on being introduced into these three different kinds of water in their 
natural unsterilised condition. 

From the first table it will be seen that in the Thames water the 
typhoid bacilli ivere demonstrable on 28.10.1893, i.e., nine days after 
their introduction, but already four days later, and afterwards, all 
endeavours to discover the typhoid bacillus proved abortive. 

From the second table, on the other hand, it will be seen that in 
the Loch Katrine water the presence of the typhoid bacillus was demon- 
strable on 7.11.1893, i.e., nineteen days after its introduction, whilst 
on 21.11.1893, or fourteen days later, and afterwards, it could no more 
be discovered. 

From the third table, again, it will be seen that in the deep-well 
water the typhoid bacilli were easily discoverable on 7.11.1893, i.e., 
nineteen days after their introduction, and just -discoverable on 
21.11.1893, or thirty-three days after their introduction, whilst, six 
days later and thereafter, all attempts to demonstrate their presence 
proved fruitless. 

As regards the effect of agitation in these experiments, it appears 
that the agitation on the whole promoted the multiplication of the 
water bacteria in the unsterilised waters, whilst it somewhat acceler- 
ated the disappearance of the typhoid bacilli in the infected sterile 
waters. These results partially confirm those obtained by Professor 
Ray Lankester in some similar experiments described by him to the 
recent Royal Commission on the London Water Supply (Appendix, 
p. 455). 

In his experiments 2 litres of sterilised river water were placed in 
two similar jars, and each was similarly infected with the typhoid 
bacillus. One of the jars was then syringed four times an hour for 
twelve hours, and, after an interval, for eight hours more. The other 
jar was left undisturbed in the dark. The syringed jars showed a 
very marked inferiority in the number of typhoid germs obtained on 
cultivation, amounting to a reduction of one-half. 

In nry experiments the difference between the waters kept at rest 
and those submitted to agitation was not nearly so marked, which 
may possibly be due to the different mode of agitation employed, and 
also to the fact that the waters were not examined so soon after 
the agitation, for it is quite possible that the combined effect of 
agitation and oxygenation makes itself felt more in the first in- 
stance than later on. 

In the case of the infected unsterilised waters, again, there is 
considerable evidence that the agitation hastened the disappearance 
of the typhoid bacilli. Thus in the case of the unsterile Thames water, 
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the typhoid bacilli were discovered on 28.10.1893, or eight days after 
infection in the flash which was kept at rest, whilst they were not demon- 
strable on the same day in the case of the flash which had been subjected 
to agitation. 

In the unsterile Loch Katrine water, again, although, on 
7.11.1893 typhoid bacilli were found both in the water winch, had 
been kept at rest and in that which had been agitated, yet the 
broth-tube with five drops of the phenol solution only became turbid 
in the case of the water which had remained at rest, thus tending to 
show that the typhoid bacilli were more numerous or in a more active 
condition in this latter water than in that which, had been agitated. 

From the experiments made with the sterilised Thames, Katrine, 
and deep well waters, it is evident that in none of these waters does 
the typhoid bacillus proliferate, the longevity of tbe bacilli being 
greatest in the Katrine and least in the deep-well water; on the 
other hand, in the unsterilised waters their longevity is decidedly 
greatest in the deep-well, and decidedly least in the Thames, water. 

In the sterilised water the principal factor determining longevity 
would, therefore, appear to be the proportion of organic matter 
present, which is much greater in the Loch Katrine and Thames than 
in the deep well water ; on the other hand, in the unsterilised water 
the factor determining longevity must be an entirely different one; 
and whatever it may be, it is more conspicuous in the case of the 
two surface (Thames and Loch Katrine) than in that of the subter- 
ranean (deep well) water. It is, as has already been frequently indi- 
cated, generally believed that the more rapid disappearance of 
pathogenic bacteria in unsterile than in sterile waters is due to the 
multiplication or competition of the common water bacteria in the 
unsterile waters ; but these experiments clearly show that this cannot 
be true, at any rate without some qualification, for by reference to 
the tables on pp. 495, 497, and 499. it will be seen that it was precisely 
in the case of the deep well water that the most extensive multiplica- 
tion of the water bacteria took place. In this connection it is 
interesting to compare the following statement made by Professor 
Ray Lankester, F.R.S., to the recent Royal Commission on the London 
Water Supply (Appendix, p. 458) : — 

"I took pure cultures of a very active and common fluviatile form, 
B. fluoresceins liquefaciens, which suggested, by its vigorous action on 
gelatine, the possession of destructive properties. With this I mixed 
a pure culture of Bacillus typhosus, and studied the mixed culture, 
both by drop culture under the microscope and in the tube. During 
a fortnight no diminution of the activity or numbers of either species 
was observed. I have experimented with pure cultures of other 
fluviatile species, and intend to continue the observations. It is 
possible — indeed not improbable — that one or more species may be 
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discovered which are injurious to, or destructive of, B. typhosus, but 
I have not yet succeeded in establishing the fact." 

It naturally suggests itself that possibly the particular kinds of 
water bacteria present in the three different kinds of water experi- 
mented with may have influenced the relative longevity of the 
typhoid bacillus in these three waters respectively. With a view to 
putting this supposition to the test, the following series of experi- 
ments were made :■ — 

(a.) One portion of the typhoid-infected steam-sterilised Thames 
water was inoculated with a few drops of unsterilised Thames 
water, a second portion with a few drops of unsterilised Loch 
Katrine water, and a third portion with a few drops of un- 
sterilised deep well water. 

(6.) One portion of the typhoid- infected steam-sterilised Loch 
Katrine water was inoculated with a few drops of unsterilised 
Thames water, a second portion with a few drops of unsteri- 
lised Loch Katrine water, and a third portion with a few drops 
of unsterilised deep well water. 

(c.) One portion of the typhoid-infected steam-sterilised deep well 
water was inoculated with a few drops of unsterilised Thames 
water, a second portion with a few drops of unsterilised Loch 
Katrine water, and a third portion with a few drops of unsteri- 
lised deep well water. 

Unfortunately, this series of experiments was only commenced on 
16.11.1893, when the number of typhoid bacilli in the three steam- 
sterilised waters had got very low (see Tables, pp. 501, 503, 505). In all 
instances there was an enormous multiplication of the water bacteria 
introduced in the few drops of unsterilised water added in each case, 
but owing to the small number of typhoid bacilli present, it was not 
possible to establish whether the rate of their disappearance was 
differently affected by the multiplication of the water bacteria from 
the unsterile Thames, Loch Katrine, or deep well water respec- 
tively. 

Owing to the failure of the above series of experiments to deter- 
mine whether the undoubtedly greater bactericidal properties of the 
unsterilised over the sterilised waters are due to the multiplication of 
the contained water bacteria, or to some other cause, the following 
fresh series of experiments was conducted on Thames water alone 
with the object of elucidating the same point. 
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Experiments on the Relative Longevity op the Typhoid Bacillus in 
un sterilised thames water and in steam-sterilised thames 
Water Reinoculated with Thames Water Bacteria. (11.1.1894.) 

In this series of experiments one portion of a sample of Thames- 
water collected at Hampton on January 9th, 1894, was infected with 
typhoid in the natural unsterile condition, a second portion was 
similarly infected after having been previously sterilised by steaming, 
and a portion of the latter was again supplied with the Thames water- 
bacteria by inoculating it with a few drops of the same unsterilised 
Thames water. 

Infection of the Waters.— 1 have found in the previous series of ex- 
periments that, in taking the surface-growth from a well-matured 
typhoid culture, a large proportion of the bacilli are dead, whilst 
even those which are alive are often in a more or less weakened 
state. On this account I now generally prefer to take the bacilli for 
experiments such as these directly from fresh plate cultivations, 
selecting the largest and most vigorous looking colonies. 

In the present series of experiments a gelatine plate culture (five 
days old) of the typhoid bacillus was employed ; fifty-seven surface 
colonies were carefully removed by means of a sterile platinum loop and 
transferred to 50 c.c. of steam- sterilised Thames water in a small 
sterile-stoppered bottle ; this was then violently shaken for fifteen 
minutes as usual, measured quantities of this liquid being then used 
for the infection of the large volumes of water. Thus, 800 c.c. of 
steam-sterilised Thames water were infected with 8 c.c. of the above 
liquid, 400 c.c. of this was kept, and will be referred to in the follow- 
ing experiments as 

" Typhoid-infected Steam-sterilised Thames Water" 

To the remaining 400 c.c. was added 1 c.c. of the unsterilised 
Thames water, with the object of imparting to it the several kinds of 
water bacteria in Thames water. This portion will be referred to in 
the following experiments as 

" Typhoid-infected Steam- sterilised Thames Water inoculated with a 

few drops of Unsterile Thames Water." 

Again, 400 c.c. of unsterilised Thames water were inoculated with 
4 c.c. oE the water attenuation of typhoid mentioned above, and this 
will be referred to in the following pages as 

" Typhoid-infected Unsterilised Thames Water" 

These several infected waters, as well as some of the uninfected 
unsterilised Thames water, were placed in sterile flasks covered with 
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sterile beakers, and kept in a dark cupboard at a temperature of 
9 — 11° 0. All of these waters were periodically submitted to plate 
cultivation, as well as tested for typhoid bacilli by the method of 
phenol broth-culture. The results of these examinations are recorded 
in the following tables : — • 



Uninfected Unsterilised Thames Water (16.1.1894). 



1 

1 Dates 

on which 

plate 

'cultivations 

| were made. 


Number 
of days 
plates 
were in- 
cubated. 


Volume of 

water 
emplojed 
for plate 

cultivation. 


Number of 
colonies 
obtained 

from 1 c.c. 

of water. 


Remarks. 


i 
16.1.1894. 


4 


c.c. 

"so anc * Too 


5250 


' 9 — 

Only a very small number of 
liquefying colonies. 


22.1.1894 


8 


l 
100 


5000 


Ditto, 


29.1.1894 


8 


■ 

- 1 and - 1 - 


3750 


Ditto. 


5.2.1894 


4 


Fo anc * T20 


2825 


Ditto. 


12.2.1894 


7 
5 

5 


To anc '- Too 


5500 


~No liquefying colonies. : 


19.2.1894 


60 an( * TIo 


3375 


Ditto. i 


24.2.1894 


50 clllclL ioo 


3750 


Very few liquefying colonies only. 

i 



The above table shows that the sample of Thames water employed 
contained a considerable total number of bacteria, but of these un- 
usually few caused liquefaction of the gelatine. Moreover, the water 
was characterised by the number of bacteria remaining practically 
stationary during the period (five weeks) over which these experi- 
ments extended, a phenomenon which I have already pointed out is 
not unfrequently met with in the case of surface waters. 
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Typhoid-infected Unsterilised Thames Water (16.1.1894), 



Dates 

on which 

plate 

cultivations 

were made. 


Number 
of days 
plates 
were in- 
cubated. 


Volume of 

water 
employed 
for plate 

cultivation. 


Number of 
colonies 
obtained 

from 1 c.c. 
of water. 


Remarks. 


16.1.1894 


4 


c.c. 

"oV an( * Tao 


175,000 


The plates contained only very few 
liquefying colonies, and an im- 
mense number of small colonies 
(typhoid, of course). 


22.1.1894 


4 


go anc *- T20* 


58,000 


No liquefying colonies. 


29.1.1894 


4 


tu) an( * xio 


36,000 


Some liquefying colonies, but also 
a number of typical typhoid 
surface expansion colonies, and 
a number of small depth colonies 
which may also be typhoid. 


5.2.1894 


4 


5 all< ^ 10 


29,000 


A few liquefying colonies, numerous 
small depth colonies, but' no typi- 
cal surface expansion typhoid 
colonies. 


12.2.1894 


5 


1 
120 


6,000 


Ditto. 


19.2.1894 


4 


5 an( * 10 


6,300 


Ditto. 


24.2.1894 


5 


TO ail{ ^ TOO 


6,700 


Ditto. 



Bearing in mind (see table, p. 520) that the uninfected unsterilised 
Thames water contained about 5000 water bacteria in 1 c.c. on the 
day of infection, it is evident that about 170,000 typhoid bacilli per 
c.c, were introduced. The periodical examinations recorded above 
show that these numbers steadily declined, and from the character of 
the colonies obtained on the plates, it appears that the water bacteria 
underwent no marked multiplication, thus, no increase in the number 
of liquefying colonies was observed. The gradual diminution in the 
total number of colonies obtained may be ascribed, therefore, to the, 
dying off: of the 170,000 typhoid bacilli per c.c. introduced (see also 
results of phenol broth- culture experiments, p. 525, et seq.). 
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Typhoid- infected Steam-sterilised Thames Water (16.1.1894), 



Dates 

on which 

plate 

cultivations 

were made. 


Number 
of days 
plates 
were in- 
cubated. 


Volume of 

water 

employed 

for plate 

cultivation. 


Number of 
colonies 
obtained 

from 1 c.c. 
of water. 


1 j 

Remarks. 


16.1.1894 


4 


c.c. 
f and | 


103,000 


Pure cultivation of typhoid. 


22.1.1894 


6 


i and T V 


129,000 


Ditto. 

The increase in number is so slight 
that it is not attributable to 
multiplication but rather to the 
breaking up of aggregates, and 
possibly also to the longer incuba- 
tion of the plates. 


29.1.1894 


• • 


• « 


• * 


Plates accidentally lost. 


5.2.1894 


5 


TIT anc * TT 


76,500 


Pure cultivation of typhoid, but 
the surface colonies have only j 
very slightly expanded owing to 
the plate being much crowded. 


12.2.1894 


3 
5 


i and T V 


64,600 


Ditto. 


19.2.1894 


— — 

i and T V 


17,080 


Ditto. 


24.2.1894 


5 


f- and ~ 


5,337 


Ditto. 



As usual, then, in the steam-sterilised water, the typhoid bacilli 
underwent a gradual decline, the slight increase on 22.1.1894 being, 
in my opinion, not attributable to real multiplication, but to other 
causes as indicated above. The typhoid bacilli were still abundantly 
present thirty-nine days after their first introduction. I attribute 
this greater longevity in this series of experiments partly to the fact 
that the typhoid bacilli were initially introduced in such large num- 
bers, and partly to their doubtless being in a very vigorous condition, 
having been taken from colonies selected for their size, and only five 
days old at the time. 
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Typhoid-infected Steam-sterilised Thames Water inoculated with a 
few drops of Unsterile Thames Water (16.1.1894). 



Dates 

on which 

plate 

cultivations 

were made. 


Number 
of days 
plates 
were in- 
cubated. 


Volume of 

water 

employed 

for plate 

cultivation. 


Number of 
colonies 
obtained 

from 1 c.c. 
of water. 


Bemarks. 


16.1.1894 


4 


c.c. 
i and £ 


115,000 


Practically pure cultivation of ty- 
phoid. 


22.1.1894 


3 


i and T V 


116,500 


Very large number of fluorescent 
liquefying colonies, also a large 
number of surface expansion 
colonies which may be typhoid, 
and a large number of small 
depth colonies. 


29.1.1894 


3 


50 all( i TOO 


44,875 


Numerous liquefying colonies, nu- 
merous small depth - colonies, 
only a few typical surface expan- 
sion colonies resembling typhoid. 
On the same day the presence of 
typhoid was far more conspicuous 
on the plates of the typhoid- 
infected unsterilised water (see 
Table, p. 521). 


5.2.1894 


4 


1 

100 


7,200 


Ditto. 


12.2.1894 


4 


1 

i"oo 


5,200 


Ditto. 


19.2.1894 


3 


so an( * Tllo 


2,350 


Numerous liquefying colonies, and 
depth colonies, but no typical 
surface expansions like typhoid, 
although of course the depth 
colonies may be typhoid. 

i 


24.2.1894 


4 


so an d Too" 


36,600 


Ditto. 

i 


7.3.1894 





1 

100 


18,500 


Ditto. 

! 
1 
1 



The 115,000 bacteria per 1 c.c. contained in this water must have 
been almost exclusively typhoid bacilli, for, after infection with 
typhoid, 400 c.c. were inoculated with 1 c.c. of unsterile Thames 
water. Now, this unsterile water, as seen from table, p. 520, con- 
tained about 5000 water bacteria per 1 c.c. ; 500u water bacteria 
must thus have been added to 400 c.c. of this typhoid-infected steam 
sterilised Thames water, which would thus contain about twelve 
water bacteria per 1 c.c. in addition to the typhoid bacilli with which 
it had been previously infected. These few water bacteria must have 
undergone rapid and extensive multiplication, for, on 22.1.1894, a 
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very large number of fluorescent liquefying colonies was found on 
the plates, and in all the subsequent examinations of this water 
numerous liquefying colonies were also present, thus clearly showing 
that the diminution in the total number of colonies found in the 
successive plates must have been in large measure due to the dying 
off of the typhoid bacilli. 

Thus, whilst in the case of the simply typhoid- infected unsterilised 
Thames water there is no evidence (see table, p. 521) of multiplication. 
of the contained water bacteria having taken place, in this typhoid- 
infected steam-sterilised Thames water, to which a few water bacteria 
had been added, there is evidence of abundant multiplication of these 
water bacteria having occurred, and it becomes a matter of the 
greatest importance to ascertain in which of these two waters the 
typhoid bacilli (present in each case in approximately the same 
n ambers and having exactly the same origin and history) exhibited 
the greater longevity. This question was determined by means of 
the examinations by phenol broth-culture, the results of which are 
recorded in the following tables :— 
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The above table clearly shows 

(1.) Th&bthe uninfected unsterilised Thames water contained no bac- 
teria which could be mistaken for typhoid bacilli by the methods 
of investigation employed. The phenol broth- tubes which 
became turbid on inoculation with this water were always 
found by plate cultivation to yield colonies which have all the 
appearance of the B. liquidus formerly described by me 
(' Zeitschrift fur Hygiene,' vol. 6,1889; < Eoy. Soc. Proc.,' 
vol. 53, 1893, p. 186). In all these experiments in which the 
method of phenol broth-culture has been employed, I have 
repeatedly found that this same organism succeeds in develop- 
ing in the broth to which three drops of the phenol solution 
per 10 c.c. of broth are added. 

(2.) That the typhoid-infected steam- sterilised Thames water con- 
tained living typhoid bacilli throughout the entire period of 
forty-eight days (January 16th — March 5th, 1894) over which 
this series of experiments extended. 

(3.) That in the typhoid-infected unsterilised Thames water, the 
typhoid bacilli were still demonstrable on 5.2.1894, or twenty 
days after their introduction ; but seven days later, on 
12.2.1894, they were no longer discoverable. 

(4.) That in the typhoid-infected steam-sterilised Thames water, 
which had been furnished ivith the Thames water bacteria by in- 
oculating with a feiv drops of unsterilised Thames water, the 
typhoid bacilli were still demonstrable on 19.2.] 894, or thirty- 
four days after their introduction, whilst seven days later, on 
26.2.1894, they were no longer discoverable. 

(5.) Thus, not only was the longevity of the typhoid bacilli far 
greater, as usual, in the sterilised than in the unsterile waters, 
but of the two unsterile waters, the one naturally so, and the 
other rendered unsterile by the inoculation of a few drops ol 
unsterile Thames water, the naturally unsterile one proved to 
be decidedly more antagonistic to the vitality of the typhoid 
bacillus, than the water rendered artificially unsterile, as we 
may call it, by inoculation with unsterile Thames water. 

(6.) This result is the more significant and important, inasmuch as 
it was shown (see p. 521) that in the naturally unsterile water 
no multiplication of the water bacteria took place, whilst, in 
what we may call the artificially unsterile water, it was shown 
(see p. 523) that a very large multiplication of the introduced 
water bacteria certainly did take place. 

(7.) In the previous series of experiments (see p. 516) it was 
equally clearly shown that the typhoid bacilli enjoyed a 
greater longevity in the unsterile deep well water than iu 
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either the unsterile Thames or Loch Katrine waters, although 
it was precisely in the deep well water that the waiter bacteria 
underwent multiplication. 
(8.) These experimental observations lead me to the conclusion 
that the antagonistic action of the unsterile waters on fche 
typhoid bacillus is not to be attributed to the multiplication 
of the water bacteria leading to the suppression of the typhoid 
bacilli "by competition in the struggle for existence," to use 
the common phraseology of many writers on these subjects, 
but through the existence in the unsterile waters of conditions 
(due, doubtless, to a great extent to the presence of chemical 
products elaborated by water bacteria) which are inimical to 
the vitality of the typhoid bacillus. 

That conditions inimical to the vitality of the typhoid bacillus can 
he generated by the water bacteria alone is demonstrated by the above 
experiments in which a few drops of unsterile Thames water were 
added to the typhoid-infected steam-sterilised water, with the result 
that the longevity of the typhoid bacilli in this water was far less 
than in the steam-sterilised water itself. 

That the longevity of the typhoid bacillus is still less in the natur- 
ally unsterile water than in that rendered unsterile by inoculation, I 
attribute to tbe fact that in the naturally unsterile Thames water, 
countless generations of water bacteria have flourished before the 
water is made the subject of experiment at all, and it must, therefore, 
be more or less saturated with those bacterial products which are 
prejudicial to the vitality of the typhoid bacillus, and which, in fact, 
frequently hamper or even inhibit the further multiplication of the 
water bacteria themselves. 

The deep well water, on the other hand, in its natural condition is 
in a very different state ; as my numerous former examinations (see 
Second Report, pp. 178 — 180) of this water have shown, it is drawn 
from its subterranean source in an almost perfectly sterile condition, 
having never since its exhaustive filtration through the porous strata of 
the earth, in which it has altogether altered its chemical composition, 
harboured any micro-organisms at all, so that the abundant bacterial 
multiplication, which, as I have shown, it exhibits in the laboratory, 
is really the first time that it is subjected to the influence of bacterial 
growth, and it takes a correspondingly longer time, therefore, for the 
conditions inimical to the typhoid bacillus to be established. In fact, 
in the experiments with deep well water (see pp. 505, 515) the 
typhoid bacillus was actually discovered in the unsterile water a little 
later than in the steam-sterilised water. That the multiplication of the 
bacteria in the deep well water does not lead to conditions so antago- 
nistic to the vitality of the typhoid bacillus is also, no doubt, attri- 
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butable to the circumstance that the number of different kinds of 
bacteria in the deep well water is much more limited than in ordinary 
surface waters. 

For the practical hygienic application of these experimental 
observations, reference should be made to the final conclusions at the 
end of this Report, see p. 543. 

Further Experiments on the Influence of the Addition of Common Salt 

to Water containing the Typhoid Bacillus. 

The several waters prepared for the last series of experiments were 
also made to serve the purpose of verifying the remarkable results 
previously obtained (see p. 434, et seq.) by the addition of common 
salt to typhoid-infected waters. 

These experiments were commenced on 12.2.1894, on which day 
some of each of the following waters (for full particulars concerning 
them, see p. 519) received 1 per cent, of pure sterile sodium chloride 
respectively : — 

(a.) Typhoid-infected steam- sterilised, Thames water. 

(6.) Typhoid-infected steam- sterilised Thames ivater, inoculated with 

a few drops of unsterile Thames water. 
(c.) Uninfected unsterilised Thames water. 
(d.) Typhoid-infected unsterilised Thames water. 

These waters, to each of which 1 per cent, of sodium chloride had 
been added, were preserved in a dark cupboard at a temperature of 
9 — 11° G.j and were submitted to periodical examination along with 
the several waters of the last series, with which they were to be 
compared. 



Uninfected Unsterilised Thames Water to which 1 per cent, of 
Sodium Chloride was added on 12.2.1894. 



Dates 

on which 

plate 

cultivations 

were made. 


Number 
of dajs 
plates 
were in- 
cubated. 

5 


Volume of 

water 
emplojed 
for plate 

cuitiyation 


Number of 
colonies 
obtained 

from 1 c.c. 
of water. 


Remarks. 


14.2.1894 


c.c. 

so anc '- Too" 


2,150 


Only very small number of liquefy- 
ing colonies. 


1.9.2.1894 


3 
3 


so anc *- Too 


607,000 

- 


Very large number of liquefying 
colonies. 


24.2.1894 


3o an d Too 


1,200,000 


Numerous liquefying colonies. 
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Gn comparing this table with the one on p. 520, which refers to the 
same water, only without the addition of salt, it will be seen that the 
effect of the salt addition was to cause an enormous and rapid multi- 
plication of the water bacteria. The liquefying colonies underwent 
great multiplication, but there was also an enormous increase in other 
non-liquefying colonies of various hinds. 



Typhoid-infected Unsterilised Thames Water to which 1 per cent, of 

Sodium Chloride was added on 12.2.1894. 



Dates 

on which 

plate 

cultivations 

were made. 


Number 
of days 
plates 
were in- 
cubated . 


Volume of 

water 
employed 
for plate 

cultivation. 


Number of 
colonies 
obtained 

from 1 c.c. 
of water. 


Remarks. 


142.1894 


5 


c.c. 

i 
100 


5,000 


Only a very small number of lique- 
fying colonies. 


19.2.1894 


3 


"To anc *- Wo 


404,000 


Considerable number of liquefying 
colonies, but special increase in 
small non-liquefying colonies. 


24.2.1894 


3 


"5 allC * TOO 


407,000 


Comparatively few liquefying colo- 
nies, but an enormous number of 
small non-liquefying colonies. 



On comparing the above table with that on p. 521, it will be seen 
what an enormous multiplication of the bacteria present was caused 
by the addition of the salt ; in this case the multiplication was not so 
much shared in by the liquefying organisms as by the others. 



Typhoid-infected Steam- sterilised Thames Water to which 1 per 
cent, of Sodium Chloride was added on 12.2.1894. 



Dates 

on which 

plate 

cultivations 

were made. 


Number 
of days 
plates 
were in- 
cubated. 


Volume of 

water 

employed 

for plate 

cultivation. 


Number of 

colonies 

obtained 

from 1 c.c. 
of water. 


Bertiarks. 


14.2.1894 


5 


c.c. 
1 and T V 


17,385 


Typical pure cultivation of typhoid. 


19.2.1894 


8 


1 and T V 


360 


Ditto. 


24.2.1894 


16 


f and - T \ 


6 


Only depth colonies on the plate. 
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On comparing this table with that on p. 522, it will he seen that 
the addition of the salt was highly prejudicial to the typhoid bacilli, 
the latter exhibiting a most rapid diminution in number, and degene- 
ration in their vitality. 



Typhoid-infected Steam -sterilised Thames Water inoculated with a 
few drops of Unsterile Thames Water, to this 1 per cent, of 
Sodium Chloride was added on 12.2.1894. 



Dates 

on which 

plate 

cultivations 

were made. 


Number 
of days 
plates 
were in- 
cubated. 


"Volume of 

water 
employed 
for plate 

cultivation. 


Number of 
colonies 
obtained 

from 1 c.c. 
of water. 


Remarks. 


14.2.1894 


3 


c.c. 

_JL_ and — —— 

5 O ailu - 1 O 


25,725 


Numerous liquefying colonies and 
large number of small depth 
colonies. 


19.2.1894 


2 


6"o an( * T¥o 


296,500 


Ditto. 


24.2.1894 


3 


To" an( l Too 


340,000 


Ditto. 



On referring to the table on p. 523, it will be seen that in this 
water, before the addition of the salt, a considerable multiplication of 
the water bacteria had taken place, but at the time the salt was added, 
the total number of bacteria only amounted to from 2000 — 5000 per 
1 c.c. ; after the addition of the salt, however, an enormous multipli- 
cation followed. 

We must now see how the vitality of the typhoid bacilli was 
affected by this enormous bacterial multiplication which took place 
in the unsterile waters after the 1 per cent, of common salt was added 
to them. This was, of course, ascertained by the method of phenol 
-broth-culture, the results of which are recorded in the following 
table :-— 
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The above table should be compared with that on p. 525 et seq., 
which refers to the same waters only without the addition of salt. It 
will then be seen : — 

(1.) That in the typhoid-infected unsterilised Thames water, the 
typhoid bacilli had already disappeared on 12.2.1894, i.e., 
before the addition of salt was made at all, and, therefore, 
that no inferences can be drawn as to the effect of the salt 
on the typhoid bacilli in this unsterilised water. Of course 
the absence of typhoid in this unsterile water was not 
ascertained until more than a week after this date, 
12.2.1894, on which the salt was added, otherwise the 
experiment would not have been made at all. 

(2.) In the typhoid-infected steam- sterilised Thames water, inocu- 
lated with a few drops of unsterile Thames, tbe typhoid 
bacilli were still demonstrable on 19.2.1894, but not on 
26.2.1894, whilst in the same water, to which 1 per cent, of 
salt was added on 12.2.1894, the typhoid bacilli were dis- 
coverable still on 14.2.1894, hut not on 49.2.4894. Thus the 
addition of the salt considerably hastened the disappearance 
of the typhoid bacilli from what may be called this arti- 
ficially unsterile Thames water. 

(3.) As already shown by the results of plate cultivation given on 
p. 531, the addition of the 1 per cent, of salt to the 
typhoid- infected steam- sterilised Thames water, caused a very 
rapid diminution in the number of typhoid bacilli present, 
and these results are entirely confirmed by the results 
on cultivation with phenol broth. Thus, the last plate 
cultivation, made on 24.2.1894, revealed the presence of only 
six typhoid bacilli in 1 c.c, phenol broth-culture still showed 
the presence of typhoid on 26.2.1894, but no more on 
5.3.1894, although in the same water, which had not been 
treated with sodium chloride, the typhoid bacilli were easily 
discoverable by phenol broth-culture on that day. 

(4.) There can be no doubt, therefore, that common salt, whilst 
enormously stimulating the multiplication of many forms of 
water bacteria, exerts a directly and highly prejudicial effect 
on the typhoid bacilli, causing their rapid disappearance 
from the water whether w T ater bacteria are present or not. 

(5.) It is worthy of remark that the typhoid colonies obtained on 
plate cultivation of the phenol-broth tubes which had been 
rendered turbid by these infected saline waters exhibited in 
some cases a very abnormal appearance, being irregularly 
swollen and lobulated in the depth and often giving rise to 
whip-like prolongations into the surrounding gelatine. As 
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far as I am aware, such abnormally formed typhoid colonies 
have not been previously observed, and I am inclined to 
attribute them to tbe degeneration of the typhoid bacilli, for, 
on passing such colonies through a further process of plate 
cultivation, only the normally formed typhoid colonies were 
obtained. 

On the Possibility of the Typhoid Bacillus or the B. coli communis 

multiplying in Potable Water. 

In none of the several series of experiments with Thames, Loch 
Katrine, and deep well (chalk) water, already recorded, was there any 
evidence of the typhoid bacillus undergoing any multiplication 
whatsoever ; on the contrary, in all cases in which the typhoid bacillus 
was introduced into these waters in a sterilised condition there was a 
more or less rapid diminution in its numbers observed. In the case 
of the B. coli communis, in the steam-sterilised Thames water (p. 454), 
there was considerable multiplication of the B. coli communis observed 
when the water was kept at a summer, but practically none when it 
was maintained at the winter, temperature; on the other hand, in the 
steam-sterilised Loch Katrine water (see p. 481) the B. coli communis 
did not exhibit any numerical increase, but, on the contrary, rapid 
decline. 

Of the waters experimented with above, the Thames water contains 
about the average quantity of organic matter present in those surface 
waters from cultivated land which are supplied for domestic purposes, 
whilst similarly the extremely small proportion of organic matter in 
the Kent well water is typical of the water supplied from deep 
wells ; on the other hand, the Loch Katrine water contains decidedly 
less organic matter than is usually present in the water supplied to 
towns from upland surface sources. Now, although the experiments 
which have been detailed above conclusively show that the typhoid 
bacillus does not proliferate in the Thames, deep well, or Loch 
Katrine water employed, it appeared to me to be of importance to 
ascertain whether in upland surface water, more highly impregnated 
with organic matter than is the case with that from Loch Katrine, 
such proliferation of the typhoid bacillus might not perhaps take 
place. 

For this purpose I employed, as specially fitted for the object in 
view, some moorland surface water which is supplied to a large manu- 
facturing population in North Britain, and which the following 
analysis shows is very highly charged with organic matter of a peaty 
character : — ■ 
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Results of analysis expressed 
in parts per 100,000. 

Total solid matter ,, . . 8*80 

Organic carbon (by combustion ), ....... 0*623 

-„ nitrogen ( „ ) 0*049 

„ ,, (by Kjeldahl process) . 0*044 

Ammonia (free) 0*0 

,, (albuminoid) . . 0*023 

Oxygen consumed by organic matter. . . . 0*405 )>|^ sj 

Nitrogen as nitrates and nitrites , 0*015 " " v * r " 

Total combined nitrogen 0*064 

Chlorine . . . 0*8 

Temporary hardness 0*0 

jr ermuneiiu % , . •>..•*»«. ..„».*..• ox 

Total „ 3*1 
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One part of this peaty water was sterilised by steaming, and 
another part by nitration through a porous cylinder (Chamberland 
filter), and each of these sterilised waters was divided into two parts, 
which were respectively infected with the typhoid bacillus and with 
the B. coli communis on 30.10.1893, thus : — 

Agar cultivations of the typhoid bacillus and of the B. coli com- 
munis, each twenty-seven days old and grown at 18—20° C, were 
employed : — 

Twenty needle-loops of the typhoid growth were thoroughly shaken 

up with 25 c.c. of sterilised water. 
Ten needle-loops of the growth of the B. coli communis were 

similarly shaken up with another 25 c.c. of sterilised water. 

The peaty water was infected with the typhoid bacillus by adding 
3 c.c. of the above water attenuation to 300 c.c. of the sterilised peaty 
water, whilst for infection with the B. coli communis only 1 c.c. of the 
water attenuation was added to 300 c.c. of the sterilised peaty water. 
The infected waters were placed in flasks plugged with cotton wool, 
and preserved in a dark cupboard at 10 — 12° C. 

The fate of the bacilli (typhoid and coli) in this infected peaty 
water was then ascertained by means of periodical plate cultivations, 
which yielded the following results : — 

Steam-sterilised Peaty Water, infected 30.10.1893 with — 

Typhoid bacillus. Plate cultivations made B. coli communis, 

30.10.1893 



-_A_. 



f . ~ ^ 

1776 colonies from 13,321 colonies from 

1 c.c. (plates 1 c.c. (plates 

incubated 6 days), incubated 4 — 6 days). 
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Steam-sterilised Peaty Water, infected 30.10.1893 with — continued. 

Typhoid bacillus. Plate cultivations made JB. coli communis. 

6.11.1893 



r 



1044 colonies from 

1 c.c. (plates 
incubated 7 days). 



r 



15.11.1893 

A 



14,031 colonies from 
1 c.c. (plates 
incubated 7 days). 



432 colonies from 
1 c.c. (plates 
incubated 5 days). 



23.11.1893 

A 



17,580 colonies from 
1 c.c. (plates 
incubated 5 days) . 



220 colonies from 
1 c.c. (plates 
incubated 6 days). 



~> 



14,457 colonies from 

1 c.c. (plates 

incubated 4 days). 



Peaty Water Sterilised by Filtration, infected 30.10.1893, with — 
Typhoid bacillus. Plate cultivations made JB. coli communis. 



30.10.1893 

A ; 



1169 colonies from 

1 c.c. (plates 
incubated 6 days). 



"> 



6.11.1893 



21,603 colonies from 
1 c.c. (plates 
incubated 4 — 6 days) . 



ISFo colonies on plates 

(plates incubated 

9 days). 



^ 



jSTo colonies on plates 

(plates incubated 

9 days). 



Thus even in this water, heavily charged as it was with vegetable 
organic matter, the typhoid bacilli failed to undergo any multiplication, 
hut, on the contrary, as usual, suffered a continuous numerical decline. 
The B. coli communis, on the other hand, remained practically unaltered 
in numbers during the period of upwards of three weeks over which these 
observations extended, the slight numerical increase being too insignificant 
to be regarded as evidence of trite multiplication. 

In the peaty water which had been sterilised, by filtration through 
porous porcelain there was again the same phenomenon, so frequently 
referred to before in this JReport, of the extraordinarily rapid disappear- 
ance of the introduced typhoid and coli bacilli. 

On the possible Adaptation of the Typhoid Bacillus to active life in 

Potable Water. 

In none of the experiments recorded above was any multiplication 
of the typhoid bacillus observed, although these experiments have 
been made with waters varying from the deep well water of the Kent 
Company, which is almost wholly destitute of organic matter, to the 
peaty water referred to on p. 537, which contains about the maximum 
amount of organic matter met with in water used for drinking 
purposes. 
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Some previous observers, on the other hand, record the multiplica- 
tion of the typhoid bacillus in potable waters with which they have 
made similar experiments ; whilst others, again, have found no 
multiplication. It appears to me highly probable that in most, if 
not in all, cases in which multiplication has been observed, it has 
been occasioned through the introduction of an appreciable amount 
of food-material along with the typhoid bacilli; for, as already 
pointed out, most investigators have exercised very little care in 
respect of this highly important factor. 

But although the typhoid bacilli taken directly from an ordinary 
cultivation and plunged into potable water may not be able to pro- 
liferate in the latter, it appeared to me quite possible that if the 
environment of the typhoid bacilli were gradually, instead of sud- 
denly, changed, the requirements of the bacilli might perhaps be 
thereby so far modified as to undergo multiplication in the aqueous 
medium. For by gradually changing the surroundings, it would be 
anticipated that those individuals most capable of flourishing under 
the altered conditions would be propagated, and that each successive 
generation of typhoid bacilli would thus become more adapted to the 
new medium. 

To ascertain whether this process of education could be actually 
accomplished, the following experiments were made. 

Education of Typhoid Bacilli for Aquatic Life. 

A gelatine -culture of the typhoid bacillus was, in the first instance, 
inoculated into sterile broth of the ordinary strength, and kept at 
18 — 20° C. ; turbidity ensued in twenty-four hours. From this broth 
cultivation an inoculation was made into 50 per cent, broth (broth 
mixed with its own volume of water) ; this also became turbid in 
twenty-four hours at 18 — 20° 0. From the 50 per cent, broth culti- 
vation an inoculation was made into 10 per cent, broth (1 volume of 
broth mixed with 9 volumes of water) ; this liquid only became visibly 
turbid in from two and a half to three dsbjs. After four successive 
generations of cultivation in this 10 per cent, broth medium had been 
carried on, the time elapsing between the inoculation and the appear- 
ance of turbidity gradually diminished until, with the fifth generation, 
turbidity already set in in twenty-four hours. From this 10 per 
cent, broth, inoculation was then made into 1 per cent, broth 
(1 volume of broth mixed with 99 volumes of water) ; this became 
turbid in twenty-four hours. Continuous cultivation in this 1 per 
cent, broth medium was then carried on for a period of two months, 
after which it was employed for infecting steam- sterilised Thames 
water, thus : — 

On 31.1.1894, 2 drops of a 1 per cent, broth cultivation (three 
vol. lvi. 2 o 
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days old) of the typhoid bacillus were added to 600 c.c. of steam- 
sterilised Thames water, which was, on the day of infection and 
on several subsequent occasions, submitted to plate cultivation with 
the following results : — 

Number of days 



Dates on which plates 


plates were 


Numb 


er of typhoid bacilli 


were prepared. 


incubated. 


m 


1 c.c. of water. 


31.1.1894 


8 




4,895 


2.2.1894 


7 




15,372 


5.2.1894 


10 




11,184 


12.2.1894 


7 




6,558 


23.2.1894 


7 




5,795 


6.3.1894 






6,068 


10.3.1894 


9 




4,093 



These figures show that unquestionable, although not very exten- 
sive, multiplication of the typhoid bacilli took place in the water 
thus infected ; but in order to ascertain whether this proliferation 
was effected at the expense of the very small quantity of culture- 
material necessarily introduced along with the bacilli, or at the ex- 
pense of the organic matter pertaining to the Thames water itself, 
the following further experiment was made : — 

On 23.2.1894, 10 c.c. of the above-infected water, which on that 
day contained 5795 typhoid bacilli per 1 c.c, were added to 20 c.c. 
steam-sterilised Thames water, and the latter was then and several 
times subsequently submitted to plate cultivation with the follow- 
ing results : — 

Number of days 

plates were Number of typhoid bacilli 

incubated. in 1 c.c. of water. 

7 1830 

7 1842 

6 375 

6 268 



Dates on which plates 
were prepared. 

23.2.1894 

26.2.1894 

2.3.1894 

6.3.1894 



From these figures it is equally evident that in this case no multi- 
plication but only numerical decline of the typhoid bacilli took place. 
If, however, the typhoid bacilli can proliferate at the expense of the 
organic matter belonging to the Thames water, they should have 
multiplied in the above experiment, as they were imported into a 
quantity of water, the organic matter of which had not since sterili- 
sation been exposed to bacterial life ; but from the fact that they did 
not multiply, but, on the contrary ; only fell off in numbers, it becomes 
almost certain that the distinct multiplication observed in the former 
experiment was effected at the expense of the small quantity of food- 
material originally introduced into the water along with the typhoid 
bacilli. 
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Another experiment was made on similar lines to the first half of 
the above experiment, to see whether the multiplication there observed 
could be confirmed, thus : — 

On 27.3.1894, 4 c.c. of a 1 per cent, broth cultivation (three 
days old) of the typhoid bacillus were put into 50 c.c. of steam- 
sterilised Thames water, the mixture being violently shaken up for 
fifteen minutes ; 2 c.c. of this mixture (equivalent to ¥ V c.c. of the 
original 1 per cent, broth culture) were then added to 200 c.c. of 
steam- sterilised Thames water, which was then submitted to plate 
cultivation as follows : — 



Dates on which, plates 
were prepared. 


Number of days 
plates were 
incubated. 


Number of typhoid bacilli 
in 1 c.c. of water. 


27.3.1894 




37,515 


29.3.1894 




61,566 


31.3.1894 


9 


50,935 


4.4.1894 


6 


27,818 


11.4.1894 


8 


20,130 



In this case again, therefore, there was a small but distinct multi- 
plication. 

.From these experiments it appears that typhoid bacilli which have 
undergone a prolonged and gradual training in more and more aqueous 
culture-media do exhibit distinctly more vitality in potable water than 
bacilli luhich are at once transferred into id at er from highly nutritive 
solid media like agar or peptone jelly. On the other hand, there is con- 
siderable reason for believing that the slight but distinct multiplication 
which these trained bacilli undergo in potable water, is effected at the 
expense of small quantities of food-material introduced along ivith them 
at the time of infection, and not at the expense of the organic matter 
belonging to the water itself. 

The result of the experiments with these specially-trained typhoid 
bacilli greatly fortifies the opinion which I have expressed above, that 
the extensive multiplication of typhoid bacilli in potable waters which 
has been observed by some investigators was most probably due to 
the importation of appreciable quantities of food-material along with 
the bacilli themselves. 

Summary. 

The investigation which has been detailed in the foregoing pages 
is divisible into the following sections : — 

1. A series of experiments in which the vitality of one and the 
same culture of the typhoid bacillus was observed in one and 
the same sample of Thames water, using the latter under 



the following conditions : 
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(a) In its natural unsterile state ; 

(b) Sterilised by steam ; 

(c) Sterilised by filtration through porous porcelain. 

In each case the effect of temperature was studied by pre- 
serving the infected waters at winter and summer temperatures 
respectively. 

'Description of experiments, see pp. 409 — 433, 451 — -465 ; summary 
of conclusions, pp. 433, 434.) 

2. A perfectly similar series of experiments, carried on side by side 

with the above, in which the Bacillus coli communis was em- 
ployed instead of the typhoid bacillus. 
(Description of experiments, see pp. 409 — 433 ; summary of conclu- 
sions, pp. 433, 434.) 

3. A series of experiments in which the effect of the addition of 

common salt in various proportions to unsterile Thames water 
was studied, the unsterile Thames water being employed for 
this purpose both uninfected and infected with the typhoid 
bacillus. 
(Description of experiments, see pp. 434 — 450 ; summary of conclu- 
sions, p. 450.) 

4. A series of experiments perfectly similar to ISTo. 1 above, in 

which Loch Katrine water was employed instead of Thames 
water. 
(Description of experiments, see pp. 465 et seq.; summary of con- 
clusions, pp. 476 — 486.) 

5. A further series of experiments made with the same sample of 

Loch Katrine water, only introducing a much larger number 
of typhoid bacilli into a given volume of water ; in this series 
of experiments only unsterilised Loch Katrine water was em- 
ployed. 
(Description of experiments, see p. 486 ; summary of conclusions, 
p. 492.) 

6. In order to compare the relative longevity of the typhoid bacillus 

in the more important types of potable water, a long series of 
experiments was carried out in which typhoid bacilli from one 
and the same cultivation, and in as far as possible equal num- 
bers, were introduced into Thames water, Loch Katrine water, 
and the deep well water of the Kent Company respectively. 
Each of these waters was employed : — 

(a) In its unsterile natural condition ; 

(b) Sterilised by steam ; 

(c) Sterilised by filtration through a porous cylinder of 

infusorial earth. 
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In this series of experiments the influence of rest or agitation 
was also studied. 

(Description of experiments, see pp. 493 et seq. ; summary of con- 
clusions, pp. 516 — 518.) 

7. A series of experiments made in order to ascertain whether the 

bactericidal properties of unsterilised surface water can be 
artificially induced by inoculating steam-sterilised Thames 
water with a few drops of unsterilised Thames water, and 
thus giving rise to a bacterial population in the previously 
sterile water. 
(Description of experiments, see pp. 519 et seq. ; summary of con- 
clusions, pp. 528 — 530.) 

8. Further experiments on the addition of common salt to typhoid- 

infected Thames water, both sterile and unsterile, with a view 
to confirming or contradicting the results of the experiments 
referred to under No. 3 above. 
(Description of experiments, see pp. 5B0 et seq. ; summary of con- 
clusions, pp. 535 — 536.) 

9. Experiments made to ascertain whether the typhoid bacillus 

and the Bacillus coli communis, multiply in potable water which 
is very highly charged with vegetable matter (peaty, upland, 
surface water). 
(Description of experiments, see pp. 536 et seq. ; summary of con- 
clusions, p. 538.) 

10. Experiments' made to ascertain whether the typhoid bacillus 

can, by prolonged preliminary culture in more and more 
diluted media, be trained for aquatic life in potable water. 
(Description of experiments, see pp. 539 et seq. ; summary of con- 
clusions, p. 541.) 

For the detailed conclusions arrived at from the results of these 
several series of experiments, the reader is referred to the summaries 
which are appended to the descriptions of each series of experiments, 
as indicated above, whilst the general conclusions which arise out of 
the entire investigation may be summarised as follows : — 

Summary of Conclusions. 

1. Typhoid bacilli from ordinary agar-agar- and gelatine- cultures 
on being introduced into steam-sterilised potable water in such num- 
bers as not to materially alter the composition of the latter undergo 
no multiplication. This result was uniformly obtained irrespectively 
of whether surface water like that of the Thames, which has received 
the drainage of manured land, or upland surface water like that of 
Loch Katrine, the organic matter in which is very similar in absolute 
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amount to that in Thames water, hut almost exclusively derived from 
vegetable sources (peat) ; or, again, other upland surface water much 
more highly impregnated with peaty matter; or, lastly, deep well 
water containing the merest traces of organic matter, was employed. 
In all cases, of course, special precautions were taken to prevent, 
as far as possible, the importation of culture-material along with the 
bacilli. 

2. By first submitting the typhoid bacilli to prolonged culture in 
more and more aqueous media, and then introducing them into 
steam-sterilised Thames water, slight but distinct multiplication of 
the typhoid bacilli was observed, and, although, perhaps, by this 
method of training the typhoid bacilli had become more adapted to 
aquatic life, it appears, probable that the multiplication observed took 
place at the expense of the minute quantity of culture-material neces- 
sarily introduced with them ; for on transferring some of this infected 
water in which multiplication had taken place to a larger volume of 
the same steam-sterilised Thames water, no further multiplication 
was found to occur, showing that the organic matter belonging to the 
steam-sterilised Thames water itself was not capable of ministering to 
the growth and proliferation even of these specially educated typhoid 
bacilli. 

3. Although no instance of multiplication of the introduced typhoid 
bacilli in these steam- sterilised potable waters was observed, on the 
other hand the bacilli were found to be possessed of very considerable 
longevity in them, thus : — ■ 



Description of steam-sterilised water. 



Thames water (11.5.1893) kept at 6— 8°C. 

„ ,, ,, XV KJ. 

Loeli Katrine water (4.7.1893) kept at 

6-8° c: 

Loch Katrine water (4.7.1893) kept at 

19° C. 
Thames water (19.10.1893) kept at 

9—12° C. 
Loch Katrine water (19.10.1893) kept at 

9—12° C. 
Deep well water (19.10.1893) kept at 

9—12° C. 
Thames water (16.1.1894) kept at 

9—12° C. 



days 
Between 13 

and 17 days 
Between 32 

and 39 days 
Upwards of 51 

days 



> 



Duration of life of typhoid bacillus. 

H i l l B i « — W* 

Upwards of 76 days 1 Still just recognis- 

,, ,, j able. 

Upwards of 21 "] Only a small number of 

typhoid bacilli was in- 
troduced into these 
waters. 
Typhoid bacilli from 
one and the same 
source and in the same 
j numbers were intro- 
Between 20 | duced into each of 

and 32 days J these waters. 
Upwards of 48 days (still abundantly 
present) . 



Peaty upland surface water (17.10.1893) \ Upwards of 24 days (still abundantly 
kept at 9—- 12° C. j present). 

In no ease was the duration of vitality a very limited one ; its 
exact length in any particular water is doubtless dependent on the 
initial vitality of the bacilli and the numbers in which they are 
introduced. In the strictly comparative experiment on steam- 
sterilised Thames, Loch Katrine, and deep well water, it is seen that 
the longevity of the typhoid bacillus is distinctly greatest in the Loch 
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Katrine, and least in the deep well water, and intermediate between 
the two in Thames water. Of these three waters, also, the Loch 
Katrine contains the most, the deep well the least, and the Thames 
an intermediate amonnt of organic matter. Not improbably these 
circumstances are connected together. 

4. The experiments distinctly show that in these steam-sterilised 
potable waters a summer temperature of 19° C. is more prejudicial 
than a winter temperature of 6 — 8° C. to the duration of life of the 
typhoid .bacillus. 

5. Inasmuch as the numerical estimation of typhoid bacilli in 
unsterile potable waters is practically impossible, the duration of 
life of the typhoid bacilli in such waters has alone been made the 
subject of study. This enquiry has involved an enormous amount of 
labour, as the certain detection, by means of the special methods em- 
ployed, of the typhoid bacillus, even in a single specimen of water, 
may entail work extending over several weeks. The duration of life 
of the typhoid bacilli introduced into the various unsterile waters in 
the several series of experiments was as follows : — 



Description of unsterile water. 



Thames water (11.5.1893) kept at 6—8° C. 

,, ,, ,, xv v_/. 

Loeli Katrine water (4.7.1893) kept at 

6—8° C. 
Loeli Katrine water (4.7.1893) kent at 

19° C. 

Loeli Katrine water (7.7.1893) kept at 

6—8° C. 
Lock Katrine water (7.7.1893) kept at 

19° C. 

Thames water (19.10.1893) kept at 

9—12° C. 
Loeh Katrine water (19.10.1893) kept at 

9—12= C. 
Deep well water (19,10.1893) kept at 

9—12° C. 
Thames water (16.1.1894) kept at 

9— 12° C. 



Duration of life of typhoid bacillus. 



[-Between 25 and 34 days. 

Upwards ofl Only a small number of 

17 days i typhoid bacilli was in- 
Between 4 f troduced into these 

and 11 daysj waters, 
f Upwards of 14 days, after which no 
j further examinations were made. (A. 
-{ much larger number of typhoid bacilli 
| was introduced in this than in the 
^ above experiments.) 
Between 9T) Typhoid bacilli from one 

and 13 days j and the same source 
Between 19 ! and in the same num- 

and 33 days J bers were introduced 
Between 33 | into each of these 

and 39 days J waters. 
Between 20 and 27 days. 



On comparing this table with that given under No. 3 above, it will 
be seen that in all cases, excepting one, the duration of life of the 
typhoid bacillus was greater, and often much greater, in the steam- 
sterilised than in the corresponding waters unsterilised. The single 
exception to this general rule was in the case of the deep well water 
in which the typhoid bacilli lived about the same length of time, 
irrespectively of whether the water was sterile or not. 

The table also shows that, as in the case of the steam- sterilised 
waters, the exact length of time that the typhoid bacilli endured 
residence in one and the same type of unsterilised water was subject 
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to great variations in the different experiments, doubtless largely in 
consequence of the different initial vitality of the typhoid bacilli em- 
ployed, and also, doubtless, in consequence of the different numbers 
in which they were introduced in the several series of experiments. 

Of principal interest is the comparative experiment made with 
Thames, Loch Katrine, and deep well water, in which typhoid bacilli 
from one and the same source, and in the same numbers, were intro- 
duced into these three types of water, and in which the duration of 
life was found to be shortest in the Thames water (9—13 days), 
longest in the deep well water (33—39 days), and intermediate in 
the Loch Katrine water (19 — 33 days). This result is of very great 
practical importance as indicating the greater danger of typhoid 
bacilli gaining access to deep well than to surface water. This 
danger is, in actual practice, farther enhamced by the fact that well 
water is almost invariably consumed without storage, whilst surface- 
waters are often stored for days or weeks, and in the case of upland 
surface water the storage frequently extends over many months. 

The effect of temperature on the duration of life of the typhoid 
bacillus was well illustrated in the series of experiments with Loch 
Katrine water (4.7.1893), in which it was found that at 19° C. the 
typhoid bacilli had already disappeared in 4 to 11 days, whilst 
at 6 — 8° C. they were alive for upwards of 17 days in the same 
water. 

The effect of agitation or rest on the typhoid bacilli in these waters 
was not very pronounced, but the evidence on the whole, both in the 
case of the sterilised and unsterilised waters, goes to show that the 
agitation or aeration of the water is unfavourable to the typhoid 
bacilli, arid that in the unsterilised waters it occasions a more rapid 
multiplication of the water bacteria. 

6. The greater bactericidal power of unsterilised than steam-steri- 
lised surface waters is not apparently due to the multiplication of the 
water bacteria in the unsterile waters, bringing about a competition 
or " struggle for existence " between these aquatic forms and the 
typhoid bacilli, but rather to the elaboration of products by these 
aquatic bacteria (and very possibly also by other vegetable life 
present in surface waters) which are inimical and prejudicial to the 
welfare of the typhoid bacilli. 

Thus, in the typhoid-infected unsterilised deep well water an enor- 
mously greater multiplication of the common water bacteria took 
place than in the unsterile Thames and Loch Katrine waters ; yet, 
notwithstanding the typhoid bacilli not only lived much longer in 
this unsterile deep well water than in the unsterile Thames and Loch 
Katrine waters, but there was practically no difference between the 
duration of life of the typhoid bacilli in the sterile and unsterile deep 
well water respectively. 
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Of course it may be urged that the unsterile deep well water 
possibly does not contain those water bacteria which are particularly 
fitted for entering into successful competition with the typhoid bacilli, 
and that perhaps such water bacteria are only to be found in the 
unsterile surface waters. 

7. The series of experiments summarised in the following table 
show that unsterile surface water, like that of the Thames, possesses 
bactericidal powers irrespectively of any further multiplication of its 
contained water bacteria, thus : — 

Uninfected unsterilised Thames water, kept at 9 — 12° C, exhibited 
but little change in the number of its contained bacteria over the 
period of five weeks from 16.1.1894 to 24.2.1894. (The numbers 
only varied from 5500 — 2825 per 1 c.c.) 

The same unsterilised Thames water, infected with about 170,000 
typhoid bacilli per 1 c.c, exhibited a continuous decline in the total 
number of bacteria present in it over the same period. 

The same Thames water, after sterilisation by steam, was infected 
with upwards of 100,000 typhoid bacilli per 1 c.c, and at the end of 
the same period (16.1.1894 — 24.2.1894) there were still upwards of 
5000 typhoid bacilli per 1 c.c present. 

The same typhoid-infected steam-sterilised water was inoculated 
with a few drops of unsterile Thames water to communicate to it the 
Thames-water bacteria, and the latter underwent very extensive 
multiplication in this water. Notwithstanding, the typhoid bacilli 
lived between thirty-four and forty-one days in this water, whilst in 
the unsterile Thames water, in which no multiplication of the water 
bacteria took place, they only lived bet - en twenty and twenty-seven 
days. 

This shorter duration of life of the typhoid bacilli in naturally 
unsterile Thames water than in that rendered unsterile by inoculation 
I attribute to the circumstance that in the naturally unsterile Thames 
water countless generations of water bacteria must have flourished 
before the water is made the subject of experiment at all, and it 
must, therefore, be more or less saturated with those bacterial 
products which are prejudicial to the vitality of the typhoid bacillus, 
and which, in fact, frequently hamper or even inhibit the further 
multiplication of the water bacteria themselves. 

Thus it is obvious that the unsterile water in question was already, 
at the outset of the experiment, in such a condition as to prevent any 
multiplication of its own water bacteria, whilst, after it had been 
steam sterilised, the same bacteria multiplied abundantly in it. But 
again, at the outset of the experiment the unsterile water was in such 
a condition as to cause a comparatively rapid disappearance of the 
introduced typhoid bacilli, whilst after steam sterilisation it only 
became again endowed with this power of destroying the typhoid 

2 o 3' 
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hadlli when the introduced water bacteria had undergone extensive 
multiplication. 

8. The addition of common salt to unsterile Thames water, in the 
proportion of 0*1, 1, and 3 per cent., causes the enormous multiplica- 
tion of the water bacteria present, the most striking result in this 
respect being obtained with the largest addition of salt. 

9. The addition of common salt to typhoid- infected unsterile 

Thames water diminishes the duration of life of the typhoid bacilli in 

this water, thus : — - 

Duration of life of 

typhoid bacillus. 

Unsterile Thames water kept at 6 — 8° C 1^, or 1 , -, 

J , q0 p > .Between 25 and 34 days. 

Ditto with (hi per cent, salt, kept at 6—8° 0. ..., .. „ 25 „ 33 „ 

,, „ „ 19° • Less than 18 days. 

Ditto with 1 per cent, salt, kept at 6 — 8° C „ „ 

1 9° O 

55 j? 5j ■*■*/ VV . • «....»• , , , . 

Ditto with 3 per cent, salt, kept at 6 — 8° C M „ 

1 v? V '•«*•••*• • 



>j ) ? 55 "' V 1 , «< t ( » t • • 7j 



10. This more rapid disappearance of the typhoid bacilli in the 
unsterile Thames water to which salt was added cannot be wholly, 
but only in part, attributed to the resulting* multiplication of the 
water bacteria, as the addition of salt in similar proportion to typhoid- 
infected steam-sterilised Thames water also caused an exceedingly 
rapid disappearance of the typhoid bacilli, although the disappearance 
was not so rapid as in the same water to whicn a few drops of un- 
sterile Thames water had been added, and in which, therefore, a 
great multiplication of the water bacteria took place, thus:— 

Duration of life of 
typhoid bacilli. 

Steam-sterilised Thames water with 1 per cent, salt. Between 12 and 19 days, 

kept at 9—12° C. 
Ditto, to which also a few drops of unsterile Thames Less than 5 days. 

water were added, and in which extensive uralti- 

pli cation of the so -introduced water bacteria took 

place 

11. The Bacillus coli communis, taken from ordinary agar- agar 
cultures and introduced into steam-sterilised Thames water, under- 
goes considerable multiplication, when under precisely similar con- 
ditions the typhoid bacillus does not multiply. 

The behaviour of the B. coli communis in the steam-sterilised waters 
may be summarised as follows ; — 
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Description of steam-sterilised water. 

Thames water (11.5.1893) kept at^ 

6-8° C. 
Thames water (11.5.1893) kept at 

19° C. 



> 



Loeli Katrine water (4.7.1893) kept at 

6—8° C. 
Loeh Katrine water (4.7.1893) kept at 

19° C. 



r 



i 



Duration of life of B. coli communis. 



Still abundantly present, after consider- 
able multiplication, on the 75th day. 

Between 14 and 17 davs. The coli 
bacilli were introduced in this case in 
much smaller numbers than in that of 
the Thames water above. jSTo multi- 
plication was observed. 
Very peaty water (30.10.1893) kept at j Upwards of 24 days. Still present in 
9 — 12° 0. j undiminished numbers after very 

slight multiplication. 

12. The Bacillus coli communis introduced into unsterile water 
persists in the living state for a much longer period than the typhoid 
bacillus. Thus : — 



Duration of life of the JB, coli communis. 



Unsterile Thames water (11.5.1893) 

kept at 6—8° 0. 
Unsterile Thames water (11.5.1893) 

kept at 19° C. j 

Unsterile Loch Katrine water (4.7.1893) 

kept at 6—8° C. 
Unsterile Loch Katrine water (4.7.1893) 

kept at 19° C. 



>• 



Upwards of 40 days, and doubtless much 
longer, but no further examinations 
made. 



Upwards of 17 days. No further ex- 
amination s mad e . 



13. In the numerous experiments made on the behaviour of the 
typhoid bacillus and of the B. coli communis in water (Thames, Loch 
Katrine, deep well, and peaty water) which had been sterilised by 
filtration through cylinders of porous earthenware and baked in- 
fusorial earth, a most remarkably rapid disappearance of both bacilli 
was observed in all cases, excepting that of the Loch Katrine water. 
Further experiments will have to be made before any definite con- 
clusions can be drawn from these unexpected results. 



Appendix. 

The Behaviour in Potable Water of Anthrax Bacilli taken directly from 

the Animal Body. 

By Peecy Frankland, Ph.D., B.Sc, F.B.S., and Charles Templemax, 

M.D., B.Sc. 

In the 2nd Beport to the Boyal Society Water Research Committee, 
" On the Vitality and Virulence of the Bacillus anthracis and its 
Spores in Potable Water," the enquiry was mainly confined to the 
deportment either of anthrax spores alone, or of such mixtures of 
bacilli and spores which are found in the usual cultivations of anthrax 
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on artificial media. It is, however, obviously a matter of great 
importance to ascertain how anthrax bacilli, entirely free from spores, 
as they are found in tie tissues of animals w^hich have succumbed to 
this disease, behave when they are introduced into potable water. 
There is the more urgency for this investigation, as it was pointed 
out in the introduction to the Report that the experiments previously 
undertaken by others in this direction have led to highly discordant 
results. 

The experiments which we have made on this subject were incidental 
to another investigation, on which we propose reporting later on, but 
as these experiments should have been made in connection with the 
2nd Report, had time and opportunity permitted, we are bringing* 
them forward now to fill up without further delay the hiatus in that 
Report. 

First Series of Experiments. 

The spleen of a white mouse, dead of anthrax, was excised under 
the usual aseptic precautions, and transferred to a small sterile bottle 
containing 20 c.c. of sterilised tap water, in which it was completely 
broken up by bruising with a sterile glass rod. More sterile water 
about 50 c.c. in all, was added to the bottle, and the whole violently 
shaken for fifteen minutes, so as to ensure even distribution of the 
bacilli throughout the water. 10 c.c. of this water attenuation were 
then added to about 400 c.c. of steam-sterilised Dundee water and 
thoroughly mixed, after which this infected water was distributed 
amongst a number of sterile tubes plugged with cotton wool. This 
infected water was submitted to plate cultivation on the same day, 
with the following results : — 

T h 1 f> / % c,c * wa * er yielded 8,190 # anthrax colonies per 1 c.c, 
Tube 17/** '" " 8 ' 23 ^ 

_Jl_ " 

2 5 " > "> 



8,325 

Tubel8< T ° *' " Z'Z* 

Wo » >• 8,100 



55 
12 55 ' 5' *-«,v^o.vy ,, 

Tub© 20 1 10 "' " "'_ 



Tube 19 < * - » %™ 



55 



U 2 o „ » 6,050 



55 



90,949 



Average 9,095 



Thus, on the day of infection the water contained about 9000 
anthrax bacilli per 1 c.c. 

# AIL these plates were incubated for 5 days at 18—20° C. 
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'The tubes containing this infected water were kept in a dark cap- 
board at 12° C, and submitted to plate cultivation at intervals, 
thus : — 



Plate cultures | Number of 
prepared. | tube. 



2 clays after 
infection 



5) 



5 days after 
infection 



j) 



19 



20 



19 
20 



Number of 

days plates 

were incubated 

at 18— 20° C. 



9 



3J 



9 



55 



Yolume of 

water used for 

plate 

cultivation. 



{ 
{ 



i 



c.c. 

10 

1 O 

_5_ 
1 O 

2 

To 



i o 

2 

TTJ 
10 

2 

To 



i 



Number of 

anthrax 

colonies per 

1 c.c. of water. 



6 

10 

236 

135 



All the plates 

were free 
from anthrax. 



These tubes were again examined on two subsequent occasions and 
again yielded sterile plates. 

Thus these anthrax bacilli, taken directly from the dead mouse and 
introduced into sterile Dundee ivater in such large numbers as 9000 per 
1 c.c. of water, all died within five days, the water being kept at 12° 0. 

Second Series of Experiments. 

In this series of experiments the anthrax bacilli from the dead 
animal were introduced both into steam-sterilised Thames and steam- 
sterilised Dundee water respectively, and these waters were preserved 
at different temperatures, in order to ascertain the influence of this 
factor on the result. 

The spleen of a white mouse, which had died of anthrax twenty- 
eight hours after inoculation, was broken up with sterilised tap water 
in the same way as already described above, and with this water 
attenuation larger volumes of sterile Thames and Dundee waters 
respectively were infected, and these infected waters were then dis- 
tributed amongst a number of sterile tubes plugged with cotton wool. 
On the day of infection some of these tubes were submitted to plate 
cultivation, in order to ascertain the number of anthrax bacilli 
introduced, thus : — 



r rr\ 



Dundee water 



Tube No. 1 



2 



£y c.c. water yielded 4S40 anthrax colonies per 1 c.c. 

4860 



Thames water * 



a 



2 

To 

5 

1 l" 

l l 

10' 

2 
To 



J5 



l 12 



J) 



6897 


5 5 


7722 


•) 


6136 


5 ' 


5875 


1 ) 


6480 


J? 


6552 


5 1 
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The average number of anthrax bacilli in these infected Thames 
and Dundee waters at the outset was, therefore, about 6000 per 1 c.c. 
Some of these tubes were then placed in a refrigerator at 5° C. ? others 
were kept in a cupboard at 13° C, whilst others were put in an 
incubator at 19° C. The water in these tubes, kept afc the different 
temperatures specified, was submitted to plate cultivation at intervals, 
with the following results : — 



Water kept at 5° C. 



Plate 

i cultures 
prepared. 



Description! 

of ! 

water. I 



1st day alter I m1 
. r. v > i Thames 

infection j 



)> 



2 days after 1 
infection J 



>> 



5 days after 
infection 



'} 



)> 



14 days after"! 
infection J 



j? 



Dundee < 



i 



Thames < 



Dundee 



Thames 



Dundee 



i 



1 



Thames 



Dundee 



i umber 

of 
tube. 



9 

10 

3 

4 



9 

10 
3 

4 

9 

10 

3 

4 



Number of 
days plates 

were 

incubated at 

18—20° C. 



9 r 



10 



< 



4 



6 



33 



6 



ji 



?3 



33 



6 



33 



35 



33 



6 

33 
3) 

'3 
33 
3' 
33 
3 J 



Yolume of 

water used 

for plate 

cultivation. 



{ 



! 



i 



c.c. 



i o 

2 

To 

1 



10 
19 

_4_ 
19 

-JL. 

io 

_2_ 
IO 



1 1 

o 

TT 

_5_ 

10 
2 

To 

5 

1 O 

o 
Til 
J I> 

19 

_4_ 
IS) 



_5_ 

1 2 
2 

~T¥ 

_?_ 
10 

2 

TTJ 
10 

2 9 
_4_ 
29 
1-0. 

3 1 
_4_ 

3 1 



1-0 
0-5 
1-0 
0-5 
1-0 
0-5 
1-0 
0-5 



Number of 
anthrax 
colonies 

per 1 c.c. of 
water. 



1028 
2470 
2550 
2031 
3386 
3733 
3456 
3335 



834 

660 

860 

485 

1624 

1995 

1864 

1497 



None 



33 



33 



33 

134 
235 

None 



3) 



None 



3) 

33 
33 
J3 
33 
33 
35 



Thus, in the Thames water maintained at 5° C. the anthrax bacilli 
(introduced to the number of 6000 per 1 c.c.) had already tender gone very 



Report on the Bacteriology of Water. 



553 



considerable diminution in numbers on the day following their introduc- 
tion ; after two days the numbers had still further diminished, whilst five 
days after introduction they were no longer discoverable at all. The fate 
of the anthrax bacilli in the Dundee water teas quite similar, their dis- 
appearance being, however, a little less rapid; thus a few bacilli were still 
present in one of the two tubes on the fifth day after infection. 

The following table exhibits the results obtained with the same 
waters kept at 13° C. : — 

Water kept at 13° C. 



Plate 

cultures 

prepared. 



1st day after 1 
infection J 



>> 



2 days after 
infection 



} 



>> 



5 days after 
infection 



>> 



Description 

of 

water. 



14 days after 1 
infection J 



>j 



Thames < 



Dundee < 



Thames < 



Dundee < 



Thames 



Dundee -< 



Thames 



Dundee 



Number 

of 

tube. 



7 
8 
1 

2 



7 
8 
1 

2 



7 
8 
1 

2 



7 
8 
1 
2 



Number of 
days plates 

were 

incubated at 

18— 20° C. 



6 



j? 



!> 



3J 



6 



>5 



J> 



6 



J 5 



J! 



>; 



6 

)■> 

5> 
J> 
>> 
5> 



Volume of 

water used 

for plate 

cultivation. 



{ 
{ 

t 

r 

i 



{ 



{ 



C.C 

_5_ 

lO 
2 

To 

JL. 
io 



10 

l i 

1 1 
5 
9 

2 
"9 



5_ 
"IO 
_2 

io 

2 

T"d 

JL 

9 
•2 
"9 

A. 

io 
_JL_ 
io 



1 3 

_2_ 

1_3 
_.'3__ 

IO 
„2_ 

IO 
.. 5 , 

1 1 
2 

lT 

-JL 

10 

2 

10 



1-0 

0-5 



1 


1 






5 

•o 

5 



1-0 
0-5 



Number of 
anthrax 
colonies 

per 1 c.c. of 
water. 



2640 
2870 
3564 
3505 
4422 
4048 
3331 
3153 



1690 

2196 
2035 

2442 
2848 
2806 

2785 



910 

1096 
1240 

1427 
2283 
1965 



None 



Tints at the higher temperature of 13° C, the anthrax bacilli iv ere 
markedly more persistent than, at 5° G*, although they had in all cases 



554 



Profs. Percy Frankland and Marshall Ward. 



become largely reduced in numbers by the fifth day after their introduc- 
tion into the water, and by the fourteenth day they had all disappeared. 

In the following table are recorded the results which were obtained 
with the same waters maintained throughout at a temperature of 

19° 0. :— 

Water kept at 19° C. 



Plate 

cultures 

prepared. 



1st clay after 
infection 



■■} 



55 



2 days after "1 
infection J 



55 



5 days after 
infection 



55 



14 days after 1 
inffintion i" 



55 



42 clays after 1 
infection j 



55 



Description 

of 

• water. 



Number 
of 

tube. 



Thames 



Dundee < 



Thames 



Dundee 



Thames < 



Dundee 



i 



Thames 



Dundee 



i 



Thames 



1 



Dundee -j 
I 



11 

12 

5 

6 



11 
12 



5 



6 



11 
12 



5 



6 



Number of 
days plates 

were 

incubated at 

18—20° C. 



6 



6 



55 



6 



■>) 



n 



Volume of 

water used 

for plate 

cultivation. 



A 



{ 







11 


6 


12 


55 




'■> 


6 


5» 


11 


O 


12 


3 5 





5 3 


6 


3 3 



1 



I 



I (. 



c.c. 

io 

2 

To 

5 
9 

*? 

"y 

5 

1 2 

o 

t"i 

i'a 

o 
~1% 



1 o 

o 

T"o 

1 2 
o 

T~2 

-i-ii 

2 n 

_4_ 
2 5 

_5_ 
IO 
2 

TT> 



10 

19 
_J- 
1 9 
5 _ 

10 
o 

To" 

_o_ 

10 

2 

To" 

5 
1 2 

2 

T2 



2 7 

_4_ 
2 7 

JO 
2 5 

_i_ 
2 5 

Xil 

2 5 
_4 
2 7T 

5 
1 2 

2 

"T"2 



L1L 

2 5 

_4_ 
2J3 

_i> 

1 3 

2 

T~l? 

_5_ 

1 o' 

2 
TO" 
_5_ 

1 2 

o 

"fa" 



Number of 

anthrax 

colonies 

per 1 c.c. of 

water. 



3,400 
3,200 
2,786 
2,830 
6,110 
4,908 
5,327 
5,718 



3,530 

4,420 
4,066 
4,253 
5,125 

10,000 
5,200 

5,745 



30,428 
36,020 
32,448 
28,194 
46,200 
45,825 
32,370 
25,140 



207,238 

163,750 

66,581 



54,300 



99,937 
109,590 
102,180 

66,240 

51,227 
49,610 
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Thus at the temperature of 19° G., the behaviour of the anthrax bacilli 
in these same waters was entirely different ; far from their undergoing 
rapid diminution in numbers followed by early disappearance, they only 
exhibited slight diminution during the first feiu days after their introduc- 
tion, upon which there followed an enormous multiplication. This 
multiplication was already observable, in the case of one tube, on the 
second day after infection, whilst on the fifth day it was very pronounced 
in all the tubes, and on the fourteenth day the numbers reached 'were very 
large, remaining practically unaltered even on the forty-second day. 

The explanation which naturally suggests itself for this entirely 
different behaviour of the anthrax bacilli at the higher and the lower 
temperature respectively, is that at the higher temperature of 19° C. 
the anthrax bacilli can form spores, whilst at the lower temperatures 
this sporulation cannot take place. With the appearance of the 
spores, however, the longevity of anthrax in sterile potable water 
becomes, as was shown in the Second Report, practically indefinite. 

In order to test the validity of this hypothesis that sporulation had 
taken place in the waters kept at 19° 0., the following experiments 
were made : — 

(1.) 1 c.c. of the contents of Tube 11 (Thames water, see table 

above) was kept at 70° C. for ten minutes, in order to 

destroy anthrax bacilli ; on subsequent plate cultivation. 

innumerable anthrax colonies were obtained. 
(2.) A similar experiment made with 1 c.c. of the contents of 

Tube 12 (Thames water, see table above) gave exactly the 

same result. 
(3.) A similar experiment made with 1 c.c. of the contents of 

Tube 5 (Dundee water, see table above) gave the same 

result, innumerable anthrax colonies being obtained on the 

plate. 
(4.) A similar experiment made with 1 c.c. of the contents of 

Tube 6 (Dundee water, see table above) gave 23,352 anthrax 

colonies. 

Thus in the case of all these waters kept at 19° C, it is evident 
that practically the whole of the anthrax microbes present at the end 
of forty-two days were there in the condition of spores, showing as 
they did no appreciable diminution in numbers by the process of 
heating to 70° 0. for ten minutes. 

These experiments show, then, very clearly that the fate of virulent 
anthrax bacilli passing from an anthrax victim into potable water 
will be dependent on the temperature of the latter; if the tempera- 
ture of the water is below that at which sporulation of anthrax can 
take place, then the bacilli will perish in the course of a few days ; 
whilst if the temperature is high enough to admit of sporulation, 
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then anthrax spores will be formed, and these, as is now well known, 
may persist in a living and virulent condition for an almost indefinite 
period of time — for months and probably even for years. 

From these experiments it further appears that the lowest tem- 
perature at which spore formation of anthrax in water will take 
place lies somewhere between 15° and 19° 0. According to Koch, 
the lowest temperature at which anthrax spores are obtained is 16° C, 
and the most advantageous temperature for the production of the 
hardiest spores is 20 — 25° C. 



